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CONSTITUTION OF THE ASSOCIATION • 



OBJECTS. 

The Association shall be called The Ahebican Associatiok 
FOB THE Advancement op Science. 

The objects of the Association are, by periodical and migratory 
meetings, to promote intercourse between those who are cultivat- 
ing science in different parts of the United States, to give a 
stronger and more general impulse and a more systematic direc- 
tion to scientific research in our country, and to procure for the 
labors of scientific men increased facilities and a wider useful- 
ness. 

MEMBEBS. 

Rule 1. Any person may become a member of the Associa- 
tion upon recommendation in writing by two members, nomination 
by the Standing Committee, and election by a majority of the 
members present. 

OFFICEBS. 

Rule 2. The officers of the Association shall be a President^ 
Vice-President, General Secretary, Permanent Secretary, and 
Treasurer. The President, Vice-President, General Secretary, 
and Treasurer shall be elected at each meeting for the following 
one ; — the three first named officers not to be re-eligible for the 
next two meetings, and the Treasurer to be re-eligible as long as 
the Association may desire. The Permanent Secretary shall be 
elected at each second meeting, and also be re-eligible as long as 
the Association may desire. 

* Adopted Augnst 26, 1856, and ordered to go into effect at the opening of 
the Montreal Meeting. Amended at Burlington, August, 1867, and at Chicago, 
August, 1868. 
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MEETINGS. 



Rule 3. The Association shall meet, at such intervals as it 
may detennine, for one week, or longer, — the time and place of 
each meeting being determined by a vote of the Association at 
the previous meeting; and the arrangements for it shall be in- 
trusted to the officers and the Local Committee. 



STANDING COMMITTEE. 

Rule 4. There shall be a Standing Committee, to consist of 
the President, Vice-President, Secretaries, and Treasurer of the 
Association, the officers of the preceding year, the permanent 
Chairman of the Sectional Committees, after these shall have been 
organized, and six members present from the Association at large, 
who shall have attended any of the previous meetings, to be 
elected upon open nomination by ballot on the first assembling of 
the Association. A majority of the whole number of votes cast, 
to elect. The General Secretary shall be Secretary of the Stand- 
ing Committee. 

The duties of the Standing Committee shall be, — 

1. To assign papers to the respective sections. 

2. To arrange the scientific business of the general meetings, 
to suggest topics, and arrange the programmes for the evening 
meetings. 

3. To suggest to the Association the place and time of the 
next meeting. 

4. To examine, and, if necessary, to exclude papers. 

5. To suggest to the Association subjects for scientific reports 
and researches. 

6. To appoint the Local Committee. 

7. To have the general direction of publications. 

8. To manage any other general business of the Association 
during the session, and during the interval between it and the 
next meeting. 

9. In conjunction with four from each Section, to be elected 
by the Sections for the purpose, to make nominations of officers of 
the Association for the following meeting. 

10. To nominate persons for admission to membership. 

11. Before adjourning, to decide which papers, discussions, or 
other proceedings shall be published. 
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SECTIONS. 

Rule 6. The Associati'oa shall be divided into two Sections, 
and as many sub-sections as may be necessary for the scientific 
business. When not otherwise ordered the sub-sections shall be 
as follows: Section A. — (1) Mathematics and Astronomy; (2) 
Physics and Chemistry ; (3) Microscopy. Section B. — (1) Zo- 
ology and Botany; (2) Geology and Palaeontology; (3) Eth- 
nology and Archaeology. The two Sections may meet as one. 

SECTIONAL OFPICEBS AND COMMITTEES. 

Rule 6. On the first assembling of the Section, the members 
shall elect upon open nomination a permanent Chairman and Sec- 
retary, also three other members, to constitute, with these officers, 
a Sectional Committee. 

9 

The Section shall appoint, from day to day, a Chairman to pre- 
side over its meetings. 

Rule 7. It shall be thei duty of the Sectional Committee of 
each Section to arrange and direct the proceedings in their Sec- 
tion ; to ascertain what communications are offered ; to assign the 
order in which these communications shall appear, and the amount 
of time which each shall occupy. 

The Sectional Committees may likewise recommend subjects for 
systematic investigation by members willing to undertake the re- 
searches, and to present their results at the next meeting. 

The Sectional Committee may likewise recommend reports on 
particular topics and departments of science, to be drawn up as 
occasion permits, by competent persons, and presented at subse- 
quent meetings. 

BEPOBTS OP PBOCEEDINGS. 

Rule 8. Whenever practicable the proceedings shall be re- 
ported by professional reporters, or stenographers, whose reports 
are to be revised by the Secretaries before they appear in print. 

PAFEBS AND COMMUNICATIONS. 

Rule 9. No paper shall be placed in the programme, unless 
admitted by the Sectional Committee ; nor shall any be read, un- 
less an abstract of it has been previously presented to the Secre- 
tary of the Section, who shall furnish to the Chairman the titles of 
papers, of which abstracts have been received. 
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KuLE 10. The author of any paper or commnnication shall be 
at liberty to retain his right of property therein, provided he de- 
clare such to be his wish before presenting it to the Associa- 
tion. 

Rule 11. Copies of all communications, made either to the 
General Association or to the Sections, must be furnished by the 
authors; otherwise only the titles, or abstracts, shall appear in 
the published proceedings. 

RuLB 12. All papers, either at the general or in the sectional 
meetings, shall be read, as far as practicable, in the order in which 
they are entered upon the books of the Association ; except that 
those which may be entered by a member of the Standing Com- 
mittee of the Association shall be liable to postponement by the 
proper Sectional Committee. 

Rule 13. If any communication be not ready at the assigned 
time, it shall be dropped to the bottom of the list, and shall 
not be entitled to take precedence of any subsequent communicar- 
tion. 

Rule 14. No exchanges shall be made between members with- 
out authority of the respective Sectional Committees. 

GENERAL AKD EVENING MEETINGS. 

Rule 16. The Standing Committee shall appoint any general 
meeting which the objects and interests of the Association may 
call for, and the evenings shall, as a rule, be reserved for general 
meetings of the Association. 

These general meetings may, when convened for that purpose, 
give their attention to any topics of science which would other- 
wise come before the Sections. 

It shall be a part of the business of these general meetings to 
receive the Address of the President of the last meeting ; to 
hear such reports on scientific subjects as, from their general im- 
portance and interests, the Standing Committee shall select ; also, 
to receive from the Chairman of the Sections abstracts of the pro- 
ceedings of their respective Sections ; and to listen to communi- 
cations and lectures explanatory of new and important discoveries 
and researches in science, and new inventions and processes in the 
arts. 
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OBDEB OF PB0CEEDIN6B IN 0B6ANIZING A MEETIKG. 

RtTLE 16. The Association shall be called to order by the 
President of the preceding meeting ; and this officer having re- 
signed the chair to the President elect, the General Secretary- 
shall then report the number of papers relating to each depart- 
ment which have been registered, and the Association consider the 
most eligible distribution into Sections, when it shall proceed to 
the election of the additional members of the Standing Committee 
in the manner before described ; the meeting shall then adjourn, 
and the Standing Committee, haying divided the Association into 
Sections as directed, shall allot to each its place of meeting for 
the Session. The Sectioiis shall then organize by electing their 
officers and their representatives in the Nominating Committee, 
and shall proceed to business. 



PEBMAKBNT SECBETABY. 

Rule 17. It shall be the duty of the Permanent Secretary 
to notify members who are in arrears, to provide the necessary 
stationery and suitable books for the list of members and titles of 
papers, minutes of the general and sectional meetings, and for 
other purposes indicated in the rules, and to execute such other 
duties as may be directed by the Standing Committee or by the 
Association. 

The Permanent Secretary shall make a report annually to the 
Standing Committee, at its first meeting, to be laid before the 
Association, of the business of which he has had charge since its 
last meeting. 

All members are particularly desired to forward to the Perma- 
nent Secretary, so as to be received before the day appointed for 
the Association to convene, complete titles of all the papers which 
they expect to present during its meeting, with an estimate of the 
time required for reading each, and such abstracts of their con- 
tents as may give a general idea of their nature. 

Whenever the Permanent Secretary notices any error of fact 
or unnecessary repetition, or any other important defect in the 
papers communicated for publication in the proceedings of the 
Association, he is authorized to commit the same to the author, 
or to the proper sub-conmiittee of the Standing Committee for 
correction. 
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LOCAL COMMITTEB. 

Rule 18. The Local Committee shall be appointed fi'om among 
members residing at, or near, the place of meeting for the ensuing 
year ; and it shall be the duty of the Local Committee, assisted by 
the officers, to make arrangements and the necessary announce- 
ments for the meeting. 

The Secretary of the Local Committee shall issue a circular in 
regard to the time and place of meetings, and other particulars, at 
least one month before each meeting. 

SUBSCRIPTIONS. 

Rule 19. The amount of the subscription, at each meeting, of 
each member of the Association, shall be two dollars, and one dol- 
lar in addition shall entitle him to a copy of the proceedings of 
the annual meeting. These subscriptions shall be received by the 
Permanent Secretary, who shall pay them over, after the meeting, 
to the Treasurer. 

The admission fee of new members shall be five dollars, in 
addition to the annual subscription ; and no person shall be con- 
sidered a member of the Association until this admission fee and 
the subscription for the meeting at which he is elected have been 
paid. 

Rule 20. The names of all persons two years in arrears for 
annual dues shall be erased from the list of members ; provided 
that two notices of indebtedness, at an interval of at least three 
months, shall have been previously given. 

ACCOUNTS. 

Rule 21. The accounts of the Association shall be audited, 
annually, by auditors appointed at each meeting. 

ALTERATIONS OP THE CONSTITUTION. 

Rule 22. No article of this Constitution shall be altered, or 
amended, or set aside, without the concurrence of three-fourths of 
the members present, and unless notice of the proposed change 
shall have been givon at the preceding annual meeting.* 

* See page xzii. 



RESOLUTIONS 



OF A PEBKANENT A2n> PROSPECTIVE GHABACTEB, ADOPTED 

AUGUST 19, 1867. 



1. No appointment may be made in behalf of the Association, 
and no invitation given or accepted, except by vote of the Asso- 
ciation or its Standing Committee. 

2. The Creneral Secretary shall transmit to the Permanent 
Secretary for the files, within two weeks after the adjournment 
of every meeting, a record of the proceedings of the Association 
and the votes of the Standing Committee. He shall also, daily, 
during the meetings, provide the Chairman of the two Sectional 
Committees with Usts of the papers assigned to their Sections by 
the Standing Committee. 

3. All printing for the Association shall be superintended by 
the Permanent Secretary, who is authorized to employ a clerk for 
that especial purpose. 

4. The Permanent Secretary is authorized to put the proceed- 
ings of the meeting to press one month after the adjournment of 
the Association. Papers which have not been received at that 
time may be published only by title. No notice of articles not 
approved shall be taken in the published proceedings. 

5. The Permanent Chairman of the Sections are to be con- 
sidered their organs of communication with the Standing Com- • 
mittee. 

6. It shall be the duty of the ^Secretaries of the two Sections to 
receive copies of the papers read in their Sections, all sub-sections 
included, and to ftimish them to the Permanent Secretary at the 
close of the meeting. 

7. The Sectional Committees shall meet not later than 9 a.m. 
daily, during the meetings of the Association, to arrange the pro- 
grammes of their respective Sections, including all sub-sections, 

(xxi) 
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for the following day. No paper shall be placed upon these pro- 
grammes which shall not have been assigned to the Section by 
the Standing Committee. The programmes are to be furnished to 
the Permanent Secretary not later than 11 a.m. 

8. During the meetings of the Association, the Standing Com- 
mittee shall meet daily, Sundays excepted, at 9 a.m., and the Sec- 
tions be called to order at 10 a.h., unless otherwise ordered. The 
Standing Committee shall also meet on the evening preceding the 
first assembling of the Association at each annual meeting, to ar- 
range for the business of the first day ; and on this occasion three 
shall form a quorum. 

9. Associate members may be admitted for one, two, or three 
years as they shall choose at the time of admission, — to be elected 
in the same way as permanent members, and to pay the same dues. 
They shall have all the social and scientific privileges of members, 
without taking part in the business. 

10. No member may take part in the organization and business 
arrangement of both the Sections. 



It has been proposed to change Rule (3) of the Constitntion so as to read : — 
The Association shall meet, at such intervals as it may determine, for one 
week, or longer ; and the arrangements for it shall be intrusted to the officers 
and the Local Committee. The Standing Committee shall have power to deter- 
mine the time and place of each meeting, and shall give due notice of it to the 
Association. 



MEMBERS 



OF THE 



AMERICAN ASSOCIATION 



FOB THB 



ADVANCEMENT OF SCIENCE. 



A. 

Abbe, Cleveland, Cincinnati, Ohio (16). 
*Adam8, C. B., Amherst, Massachusetts (1). 

Adams, Edwin £., Charlestown, Massachusetts (18). 

Agassiz, Louis, Cambridge, Massachusetts (1). 

Aiken, W. E. A., Baltimore, Maryland (12). 

Albert, Augustus J., Baltimore, Maryland (12). 

Alexander, Stephen, Princeton, New Jersey (1). 

Alien, Zachariah, Providence, Rhode IsUnd (1). 

Alvord, Benjamin, Omaha, Nebraska (17). 
*Ames, M. P., Springfield, Massachusetts (1). 

Andrews, Ebenezer, Chicago, Illinois (17). 

Andrews, Edmund, Chicago, Illinois (IT). 

Andrews, E. B., Marietta, Ohio (7). 

Andrews, Joseph H., Chicago, Illinois (17). 
^Appleton, Nathan, Boston, Massachusetts (1). 

Atwater, Elizabeth E., Chicago, Illinois (17). 

Atwater, Samuel T., Chicago, Illinois (17). 

Austin, E. P., Cambridge, Massachusetts (18). 

B. 

Babcock, Henry H., Chicago, Illinois (17). 
*Bache, Alexander D., Washington,«District of Columbia (1). 

Bacon, John, Jr., Boston, Massachusetts (1). 
♦Bailey, J. W., West Point, New York (1). 

Bailey, Loring W., Frederiokton, New Brunswick (18). 

Baird, Lyman, Chicago, Illinois (17). 

Baird, S. F., Washington, District of Columbia (1). 

Note. — Names of deceased members are marked with an asterisk [*]. The figure 
at the end of each name refers to the meeting at which the election took place. 
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Bannister, Henry M., Washington, District of Columbia (17). 

BardweU, F. W., Jacksonyille, Florida (18). 

Barker, 6. F., New Haven, Connecticut (18). 

Barnard, F. A. P., New York, New York (7). 

Barnard, J. G., New York, New York (14). 

Basnett, Thomas, Ottawa, Illinois (8). 

Batchelder, J. M., Cambridge, Massachusetts (8). 

Beaty, John F., Chicago, Illinois (17). 
♦Beck, C F., Philadelphia, Pennsylvania (1). 
*Beck, Lewis C, New Brunswick, New Jersey (1). 
♦Beck, T. Komeyn, Albany, New York (1). 

Beebe, G. D., Chicago, Illinois (17). 
♦Bell, Samuel N., Manchester, New Hampshire (7). 

Bickmore, Albert S., New York, New York (17). 

Bicknall, Edwin, Cambridge, Massachusetts (18). 

Bill, Charles, Springfield, Massachusetts (17). 
♦Binney, Amos, Boston, Massachusetts (1). 
♦Binney, John, Boston, Massachusetts (8). 

Blake, EU W., Ithaca, New York (15). 

Blake, Eli W., New Haven, Connecticut (1). 

Blake, W. P., San Francisco, CaUfomia (2). 
♦Blanding, William, Rhode Island (1). 

Blaney, J. Van Zandt, Chicago, Illinois (12). 

Blatchford, Eliphalet W., Chicago, Illinois (17). 

Bolles, E. C, Brooklyn, New York (17). 

Bolton, H. C, New York, New York (17). 
♦Bomford, George, Washington, District of Columbia (1). 

Bouvc, Thomas T., Boston, Massachusetts (1). 

Bowditch, Henry I., Boston, Massachusetts (2). 

Bowen, Chauncey W., Chicago, Illinois (17). 

Bradley, Francis, Chicago, IlUnois (17). 

Bradley, L., Jersey City, New Jersey (15). 

Brevoort, J. Carson, Brooklyn, New York (1). 

Briggs, A. D., Springfield, Massachusetts (18). 

Briggs, D. H., Norton, Massachusetts (18). 

Briggs, S. A., Chicago, Illinois (17). 

Bross, William, Chicago, Illinois (7). 

Brown, Robert, Jr., Cincinnati, Ohio (11). 

Brush, George J., New Haven, Connecticut (11). 

Bryan, OUver N., Marshall Hall P. 0., Maryland (18). 

Bryan, Thomas B., Chicago, Illinois (17). 

Buchanan, Robert, Cincinnati, Ohio (2). 

Burbank, L. S., Lowell, Massachusetts (18). 
♦Bumap, G. W., Baltimore, Maryland (12). 
♦Burnett, Waldo I., Boston, Massachusetts (1). 

Burroughs, J. C, Chicago, Illinois (17). 

Bushce, James, Worcester, Massachusetts (9). 

Butler, Thomas B., Norwalk, Connecticut (10). 
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c. 



Calhoun, John B., Chicago, Illinois (17). 

Canby, William M., Wilmington, Delaware (17). 
*Carpenter, Thornton, Camden, South Carolina (7). 
'Carpenter, William M., New Orleans, Louisiana (1). 

Carter, Asher, Chicago, Illinois (17). 

Case, Leonard, Cleveland, Ohio (15). 

Case, L. B., Richmond, Indiana (17). 
•Case, William, Cleveland, Ohio (6). 

Caswell, Alexis, Providence, Rhode Island (2). 

Cattell, William C, Easton, Pennsylvania (15). 

Chadboum, P. A., Madison, Wisconsin (10). 

Clianute, O., Kansas City, Kansas (17). 

Chapman, F. M., Chicago, Illinois (17). 
*Chapman, N., Philadelphia, Pennsylvania (1). 

Chase, George I., Providence, Rhode Island (1). 
*Cha8e, S., Dartmouth, New Hampshire (2). 
*Chauvenet, William, St Louis, Missouri (1). 

Chesbrough, E. S., Chicago, Illinois (2). 
*Clapp, Asahel, New Albany, Indiana (1). 

Clark, John E., YeUow Springs, Ohio (17). 
*Clark, Joseph, Cincinnati, Ohio (5). 

CUrke, F. W., Boston, Massachusetts (18). 
'Cleveland, A. B., Cambridge, Massachusetts (2). 

Cochran, D. H., Brooklyn, New York (15). 

Coffin, James H., Easton, Pennsylvania (1). 

Coffin, John H. C, Washington, District of Columbia (1). 

Colbert, E., Chicago, lUinois (17). 
*Cole, Thomas, Salem, Massachusetts (1). 
*CoIeman, Henry, Boston, Massachusetts (1). 

Conkling, Frederick A., New York, New York (11). 

Cooke, C, Salem, Massachusetts (18). 

Cope, Edward D., Philadelphia, Pennsylvania (17). 

Copes, Joseph S., New Orleans, Louisiana (11). 

Coming. Erastus, Albany, New York (6). 

Cramp, J. M., Wolfville, Nova Scotia (11). 

Crosby, Alpheus, Salem, Massachusetts (10). 

Culver, Howard Z., Chicago, Illinois (17). 

Cummings, Joseph, Middletown, Connecticut (13). 

Curtis, Josiah, Boston, Massachusetts (18). 

Cutting, Hiram A., Lunenburg, Vermont (17). 

D. 

Dall, William H., Washington, District of Columbia (18). 
Dairy mple, £. A., Baltimore, Maryland (11). 
Dana, James D., New Haven, Connecticut (1). 
Danforth, Edward, Troy, New York (11). 
Davis, James, Boston, Massachusetts (1). 
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Davis, N. S., Chicago, Illinois (17). 

Dawson, J. W., Montreal, Canada (10). 
♦Dean, Amos, Albany, New York (6). 

Dean, George W., Fall Biver, Massachusetts (16). 
♦Dearborn, George H. A. S., Boxbury, Massachusetts (1). 
♦Dekay, James E., New York, New York (1). 

Delano, B. L., Boston, Massachusetts (16). 

Delano, Joseph C, New Bedford, Massachusetts (5). 

De Laski, John, Vinalhayen, Maine (18). 
♦Dewey, Chester, Bochester, New York (1). 

Dexter, G. M., Boston, Massachusetts (11). 

Dinwiddie, Bobert, New York, New York (1). 

Dixwell, Epes S., Cambridge, Massachusetts (1). 

Doggett, KateN., Chicago, Blinois (17). 

Doggett, William E., Chicago, Illinois (17). 

Dorr, E. P., Bufl&lo, New York (15). 

Drowne, Charles, Troy, New York (6). 
♦Ducatel, J. T., Baltimore, Maryland (1). 
♦Dumont, A. H., Newport, Bhode Island (14). 
♦Duncan, Lucius C, New Orleans, Louisiana (10). 

Duncan, T. C, Chicago, Blinois (17). 
♦Dunn, B. P., Providence, Bhode Island (14). 

Dyer, EUsha, Providence, Bhode Island (9). 

E. - 

Easton, Norman, Fall Biver, Massachusetts (14). 
Eaton, Daniel C, New Haven, Connecticut (18). 
Eaton, James H., Beloit, Wisconsin (17). 
Edwards, A. M., New York, New York (18). 
Edwards, J. B., Montreal, Canada (17). 
Eimbeck, William, St. Louis, Missouri (17). 
Eliot, Charles W., Cambridge, Massachusetts (14). 
Elliott, Ezekiel B., Washington, District of Columbia (10). 
Elwyn, Alfred L., Philadelphia, Pennsylvania (1). 
Emerson, George B., Boston, Massachusetts (1). 
Emerton, James H., Salem, Massachusetts (18). 
Englemann, George, St. Louis, Missouri (1). 
Engstrom, A. B., Burlington, New Jersey (1). 
Eustis, Henry L., Cambridge, Massachusetts (2). 
♦Everett, Edward, Boston, Massachusetts (2). 
Ewing, Thomas, Lancaster, Ohio (5). 

F. 

Fairbanks, Henry, Hanover, New Hampshire (14). 
Farmer, Moses G., Salem, Massachusetts (9). 
Farnham, Tiiomas, Buffalo, New York (15). 
Farrar, Henry W., Chicago, Illinois (17). 
Fellowes, B. S., New Haven, Connnecticut (18). 
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Fenton, Williani, Troy, New York (18). 

Ferrell, William, Cambridge, Massachusetts (11). 

Ferris, Isaac, New York, New York (6). 

Feuchtwanger, Louis, New York, New York (11). 

Fisher, Davenport, Milwaukie, Wisconsin (17). 

Fisher, Mark, Trenton, New Jersey (10). 
•Fitch, Alexander, Hartford, Connecticut (1). 

Fitch, Edward H., Ashtabula, Ohio (11). 

Fitch, O. H., Ashtabula, Ohio (7). 
•Forbush, E. B., Buffalo, New York (16). 

Foster, Henry, Clifton, New York (17). 

Foster, John, Schenectady, New York (17). 

Foster, J. W., Chicago, IlUnois (1). 
•Fox, Charles, Grosse Isle, Michigan (7). 

Frothingham, Frederick, Buffido, New York (11). 

G. 

Gavit, John E., New York, New York (1). 
•Gay, Martin, Boston, Massachusetts (1). 
•Gibbon, J. H., Charlotte, North Carolina (3). 

Gill, Theodore, Washington, District of Columbia (17). 
•Gillespie, W. M., Schenectady, New York (10). 

Oilman, Daniel C, New Haven, Connecticut (10). 
•Gilmor, Robert, Baltimore, Maryland (1). 

Goessman, C. A., Amherst, Massachusetts (18). 

Gold, Theodore S., West Cornwall, Connecticut (4). 
•Gould, Augustus A., Boston, Massachusetts (11). 
•Gould, B. A., Boston, Massachusetts (2). 

Grould, B. A., Cambridge, Massachusetts (2). 
•Graham, James D., Washington, District of Columbia (1). 

Gray, Asa, Cambridge, Massachusetts (1). 
•Gray, James H., Springfield, Massachusetts (6). 

Greeley, Samuel S., Chicago, Illinois (17). 

Green, Traill, Easton, Pennsylvania (1). 
•Greene, Benjamin D., Boston, Massachusetts (1). 

Greene, Dascom, Troy, New York (17). 

Greene, Francis C, Easthampton, Massachusetts (11). 

Gregory, J. J. H., Marblehead, Massachusetts (18). 
•Griffith, Robert E., Philadelphia, Pennsylvania (1). 

Grimes, J. S., New York, New York (17). 

Grinnan, A. G., Orange Court House, Virginia (7). 

Grover, Z., Chicago, Illinois (17). 

Guyot, Arnold, Princeton, New Jersey (1). 

H. 

•Hackley, Charles W., New York, New York (4). 
Hadley, George, Bufi&lo, New York (6). 
Hagen, Hermann A., Cambridge, Massachusetts (17). 
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Ualdeman, S. S., Columbia, Pennsylvania (1). 

Hale, Edwin M., Chicago, Illinois (17). 
*Hale, Enoch, Boston, Massachusetts (1). 

Hall, James, Albany, New York (1). 

Hall, L. B., Hanover, New Hampshire (18). 

Hall, N. K., Buffalo, New York (7). 

Hambly, J. B., Portsmouth, Rhode Island (18). 

Hamel, Thomas, Quebec, Canada (18). 

Hamlin, A. C, Bangor, Maifie (10). 

Hance, Ebenezer, Morris ville, Pennsylvania (7). 

Hanover, M. D., Cincinnati, Ohio (13). 
♦Hare, Robert, Philadelphia, Pennsylvania (11). 
♦Harlan, Joseph G., Haverford, Pennsylvania (8). 
♦Harlan, Richard, Philadelphia, Pennsylvania (1). 

Harris, A. A., Cambridge, Massachusetts (17). 

Harris, James W., Cambridge, Massachusetts (17). 
♦Harris, Thaddeus W., Cambridge, Massachusetts (1). 

Harrison, B. F., Wallingford, Connecticut (11). 
♦Hart, Simeon, Farmington, Connecticut (1). 

Hartshorne, Henry, Philadelphia, Pennsylvania (12). 

Haven, Joseph, Chicago, Illinois (17). 

Hawkins, B. W., New York, New York (17). 
♦Hay den, H. H., Baltimore, Maryland (1). 

Hayes, George E., Buflklo, New York (15). 
♦Hayward, James, Boston, Massachusetts (1). 

Henry, Joseph, Washington, District of Columbia (1). 

Herzer, W., Columbus, Ohio (15). 

Hickcox, S. V. R., Chicago, Illinois (17). 

Hilgard, Eugene W., Oxford, Mississippi (11). 

Hilgard, Julius E., Washington, District of Columbia (4). 

Hilgard, Theodore C, St. Louis, Missouri (17). 

Hill, S. W., Hancock, Lake Superior (6). 

Hill, Thomas, Waltham, Massachusetts (3). 

Hinrichs, Gustavus, Iowa City, Iowa (17). 

Hitchcock, Charles H., Hanover, New Hampshire (11). 
♦Hitchcock, Edward, Amherst, Massachusetts (1). 

Hitchcock, Edward, Amherst, Massachusetts (4). 

Hitt, Isaac R., Chicago, Illinois (17). 

Hoadley, £. S., Springfield, Massachusetts (18). 

Holbrook, J. E., Charleston, South Carolina (1). 
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Mr. President, and Gentlemen op the American Associa- 
tion FOR THE Advancement op Science : 

There is an article contained in our Constitution which requires 
the retiring President to address the Association in general meet- 
ing ; and custom has prescribed that he select for his theme some 
new and important discoveries in science, or some new inventions 
and processes in the ai*ts. 

It is in the discharge of this duty that I appear before you on 
this occasion, and solicit your attention for the passing hour. So 
vast is the domain of science, and so numerous have become its 
cultivators in almost every part of the world, that, even if I had 
the capacity, the labor of embodying the results of a single year, 
in a brief address, would be a mere accumulation of details devoid 
of that spirit which gives them value, — generalization. 

I shall, therefore, restrict myself to the researches which have 
been made in those departments of science which with me have 
been the subjects of special investigation, and shall seek to set forth 
what others have accomplished, rather than to advance original 
views. 

It will be found that, throughout all time, since the earth became 
fitted for the habitation of organic life, there have been great 
cycles of heat and cold, and that these cycles have exercised a 
marked influence in the modification of all terrestrial forms. To 
traverse the whole ground, would employ too much time ; and I 
shall, therefore, restrict myself to the changes which barely ante- 
date the Human Epoch. 

We know that the Tertiary Age, so far, at least, as relates to 
the northern hemisphere, was characterized by a warm and equable 
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climate, extending even to the Polar Sea. Where now blooms the 
Andromeda close by banks of perpetual snow, at that time grew a 
luxuriant forest vegetation. McClure's sledging party gathered 
fragments of fossil wood, acorns, and fir cones in the interior of 
Bank's Land, far within the limits of the Arctic Circle. As high as 
latitude 70° N. in Greenland, large forests lie prostrate and encased 
in ice. At Disco Island, the northern verge of European settle- 
ment, the strata are full of the trunks, branches, leaves, and even 
the seeds and fruit-cones of trees, comprising firs, sequoias, elms, 
magnolias, and laurels, — a vegetation characteristic of the Miocene 
Period of Central Europe. Professor Heer particularly notices the 
jSequoia Langsdorjli^ which is very closely allied to the Sequoia 
aempervirens of the Coast Range of California. 

Spitzbergen was clothed with a forest vegetation equally luxu- 
riant, amongst which the Swedish naturalists recognize the swamp- 
cypress (Taxodium dubium) in a fossilized state at Bell's Sound 
(76^ N.), and the plantain and linden in King's Bay (78° and 79° 
N.). The same Sequoia was observed by Sir John Richardson 
within the Arctic Circle west of Mackenzie River. The lignite 
beds of Iceland have yielded to the botanists, Steenstrup and Heer, 
fifteen arborescent forms identical with the Miocene plants of 
Europe. 

In the flora of the Great Lignite Basin of Nebraska, which is 
referred to the Miocene Age, Hayden has detected the oak, the 
tulip or poplar, the elm and walnut, and a true fan-palm, with a 
leaf-spread of twelve feet; — all, however, of extinct species. 
These forms he regards as characteristic of a sub-tropical climate 
such as now prevails in the Gulf States. The fan-palm {Sabdl 
CampbeUii) is the representative of the Sabal major of the Euro- 
pean Tertiaries, and the Sabal palmetto of our Southern States. 

The Cinnamonium^ an unquestioned tropical type, while not 
thus far detected in the Missouri Basin, has been found by Les- 
quereaux in the Cretaceous (?) beds of Bellingham Bay, on our 
North-western coast ; in the Eocene of the Lower Mississippi, and 
in the lignite beds of Vermont. 

Professor Newberry, in a review of the flora of the Cretaceous 
and Tertiary Ages of North America, thus remarks : — 

•• We have, therefore, negative evidence, though it may be reversed at 
an early day by further observations, that the cUmate of the interior of our 
continent, during the Tertiary Age, was somewhat warmer than during the 



▲DDRESS OF EX-PRBSIDENT FOSTEB. S 

Cretaceous Period ; and that, during both, the same relative differences of 
climate prevailed between the western and central portions that exist at the 
present d&jJ*'* 

The Drift Epoch was ushered in by a marked change in physical 
influences, by which the whole flora of the extreme northern hem- 
isphere was so far affected that certain forms were blotted out of 
existence, while other forms were forced to seek, by migration, a 
more congenial climate, and accommodate themselves to altered 
conditions. In the higher regions we find a predominating growth 
of mosses and saxifrages, and at the southern limits of the Drift a 
buried vegetation of an Alpine character. 

K we examine the faunas of the two epochs — particularly the 
land animals which we may suppose to be peculiarly susceptible to 
atmospheric changes — we shall find that there was a marked 
modification of forms. Dr. Leidy, in his late work on the extinct 
mammalian faunaa of Dakota and Nebraska, states that, of the 
thirty-two genera of Miocene animals, not one occurs in the 
Quatenary formation of North America. In comparing the 
Miocene and Pliocene faunaa with each other, as represented 
mainly by the remains from the Mauvaises Terres and the 
Niobrara River, scarcely a genus is common to both. ^In 
view," he continues, ** of the consecutive order and close approxi- 
mation of position of the two formations and faunsB, such exclu- 
siveness would hardly have been suspected." The greater simili- 
tude of the Miocene and Pliocene faunae with the contemporaneous 
fanned of the Old World, has led him to suggest that the North 
American continent was peopled, during the Tertiary Epoch, from 
the West. " Perhaps this latter extension," he continues, " oc- 
curred from a continent whose area now forms the bottom of the 
Pacific Ocean, and whose Tertiary fauna is now represented east 
and west by the fossil remains of America on the one hand, and of 
Asia, with its peninsula, Europe, on the other." 

The topographical features of the two continents and the hydro- 
graphical soimdings of the two oceans, render this supposition 
probable. Between Ireland and Newfoundland there is a great 
plateau, which an elevation.of the earth's cilist to the extent of 
a few thousand feet would convert into dryland; and Behring's 
Straits, which now separate Asia and North America, are, at their 
narrowest points, but thirty miles wide, and their shallowest depth 
is but twenty-five fathoms. 



4 ADDBESS OF EX-PBESIDBKT FOSTSB. 

And here the palaeontologist comes to the aid of the hydrographer, 
and, by their joint labors, the one renders probable what the other 
has conjectured as possible, — the former union of the two hemi- 
spheres. Zoology would indicate that such was the fact during the 
Pliocene Epoch, in which will probably be found the origin of 
those mammalian types contemporary with the elder man, and 
represented by the extinct Proboscidians and Ruminants. None of 
these large animals could probably have passed over the straits 
which now diridp these regions, and the close alliance in form 
would indicate a common origin. We infer, therefore, that the 
subsidence during the Drift Epoch cut off the communication be- 
tween the two hemispheres, and the refrigeration which then took 
place, served to disperse the colossal animals, who sought by 
migration to lower latitudes a climate congenial to their nature. 

As in Europe, we find the remains of these northern types inter- 
mingled with those of an A&ican type, — the hippopotamus, which 
in his summer migrations strayed as far north as England ; so on 
this continent we had, during this epoch, the great sloths, repre- 
sented by the megalonyx and mylodon, whose congeners at this 
time exist in South America. Thus there was an inosculation, so 
to speak, of two distinct and contemporaneous faunae. 

It is an inquiry of the highest interest, —perhaps as much so aa 
any connected with the physical history of the past : How far has 
man been a witness of these stupendous changes ? It is not until 
towards the close of the Drift Epoch, that we are enabled to detect 
unmistakable signs of his works, although there are not wanting 
proofs which would refer his origin to an earlier date, — the Plio- 
cene. So numerous and well-attested are the facts, that we must 
now regard him as the contemporary of many of the great mam- 
mals which have ceased to exist, and the subject of physical condi- 
tions very different from what now prevail. To account for these 
changes requires the lapse of a longer period of time than has 
heretofore been assigned to his existence upon earth. 

Thus within a few years has been opened a sphere of investiga- 
tion which has enlisted a large class of able observers, and their 
labors have thrown a flood of light upon the origin of our race. 
Ethnography has become aggrandized into one of the noblest of 
sciences. However conflicting these revelations may be to our 
preconceived notions, they must not hereafter be disregarded in 
treating of the past and present condition of humanity. We must 
weigh the value of observations, and press them to legitimate con- 
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elusions. The investigator at this day is not to be trammelled, in 
the language of Humboldt, by "an assemblage of dogmas be- 
queathed frdm one age to another" — by **a physical philosophy 
made up of popular prejudices." 

The periods of the prehistoric man have been divided by M. Lar- 
tet, into two ages, — 

(1) The Stone Age, and (2) the Metal Age. 

The Stone Age has been subdivided into three epochs. 

1. That of the extinct animals, such as the manunoth and cave- 
bear. 

2. That of the migrated existing animals (Reindeer Epoch). 

3. That of the domesticated existing animals (Polished Stone 
Epoch). 

The Metal Age has been divided into two epochs. 

1. That of Bronze. 2. That of Iron. 

The elder man differed widely from the intellectual and much- 
planning man of this day. The conditions of climate greatly 
modified his modes of thought and physical pursuits. The north- 
em hemisphere was just emerging from a long-continued state of 
glaciation. The snows which had wrapped the earth as in a man- 
tle, were melting, and the great glaciers were reluctantly retreating 
within the Arctic Circle. Every depression became a lake, and 
every lake a sea for the reception of the accumulating waters, 
whose resistless force swept along mud, and sand, and shingle, and 
fragments of rocks. As the barriers gave way, the waters cut out 
channels on their route to the sea, and the terraces and ridges 
which border our lakes and rivers are but the moniunents of their 
erosive action. It was a sad and desolate land, to be paralleled 
only in the Arctic Circle. But man was not alone. On the Euro- 
pean continent there was a strange assemblage of animals : the 
elephant, with his compound clothing of wool and hair; the 
rhinoceros, similarly protected; the cave-bear and cave-hyena; 
the tiger ; and the great ox, not patient of toil as at this day, but 
fierce and indomitable. On this continent was the elephant of a 
closely allied species ; the lion and bear, and at least two species 
of the musk-ox, gigantic as compared to their modem congener. 

In such a climate and on such a soil we can well imagine that 
agriculture formed no part of the occupation of the primitive man. 
He gathered not the kindly fruits of the earth, but was essentially 
a predaceous animal. The few skulls that have been recovered, 
would indicate that he was low in the scale of intellectual organi- 
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zation, — a small brain, a retreating forehead, and oblique jaw& In 
capacity he was below the Australian and New Zealander. In 
stature he was dwarfed, but was broad-shouldered aild robust, — 
the result of vigorous exertion and out-door exposure. He was 
carnivorous, and, perhaps, a raw flesh-eater ; for in the jaws which 
have been disinterred, the incisor teeth are much worn, — a pecu- 
liarity which has been noticed in those of the flesh-eating Esqui- 
maux. This fact ought not to be cited to his disadvantage, for in 
an Arctic climate where the animal heat is so rapidly abstracted, 
man requires a highly nitrogenous food. Thus we find our own 
countryman, E^ane, when imprisoned in the ice of Rensselaer Har- 
bor, resorting to raw walrus-meat, and rolling it as a sweet morsel 
under his tongue. 

It cannot be gainsaid, however, that man was a cannibal. In 
Scotland were found the bones of children, which, according to 
Owen, bore upon them the marks of himian teeth, and the evidences 
produced in the ArchaBological Congress at Copenhagen established 
this fact beyond controversy. 

He was not destitute of skill in the art of delineation, for we have 
restored to us, on a slab of slate a very good profile of the great cave- 
bear — the earliest instance extant of pictorial representation. 

But we must accord to him one redeeming trait. That homage 
which in all ages and among all nations, the living pay to the 
dead; those ceremonies which are observed at the hour of final 
separation ; that care which is exerted to protect the manes from 
all profane intrusion ; and those delicate acts, prompted by love or 
afiection, which we fondly hope, will smooth the passage of the 
parting spirit to the happy land, — all these observances our rude 
ancestors maintained. These facts show that, deep as man may 
sink in barbarism, brutal as he may become in his instincts, there is 
still a redeeming spirit which prompts to higher aspirations, and 
that to him, even, there is no belief so dreary as that of utter anni- 
hilation. 

Perhaps, among the existing tribes of the human race in the 
Arctic Highlander, as described by Sherard Osbom, we have the 
nearest approach to the prehistoric man : — 

" Although dwarfed in stature, they are thick-set, strong-limbed, deep- 
chested, and base-voiced, and capable of vigorous and prolonged exertion. 
... I cannot discover an instance of their ever having been seen to partake 
of a single herb, grass, or berry, grown on shore. Of vegetables and 
cereals, they have of course no conception, and I know of no other people 
on the earthy surface who are thus entirely camivorous.*' 
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After the lapse of a period whose interval cannot be measured, 
the great animals which characterized the dawn of the Human 
Epoch, began to disappear, and were replaced by other forms of 
diminished size, but of improved type. Among these, on the 
European continent, were the reindeer, the musk-ox, the stag, the 
bison, and urus, together with the horse, not distinguishable from 
the existing species. The reindeer and musk-ox, which only thrive 
in a cold climate, not only occupied England, but wandered as far 
south in France as the shores of the Mediterranean and the slopes 
of the Pyrenees, which interposed effectual barriers to their ftirther 
progress. 

The reindeer must have existed in vast herds, and to the prime- 
val man have proved the most useM of animals. Every portion 
of the carcass was economized. His flesh furnished food ; his skin, 
clothing; his sinews, thread ; and his horns were fashioned into 
harpoons, javelins, and sockets for the reception of spear-heads and 
hatchets. 

On this continent we find the musk-ox and reindeer, identical in 
species with the European forms, in a fossilized state. The rein- 
deer ranged as far south as Kentucky and New Jersey, but the 
existing musk-ox has not been found fossilized outside of its pres- 
ent limits. The Bootherium, however, which exceeded him in size, 
and to which he was closely allied, had a range co-extensive with , 
the reindeer. The stag ( Cenms alcea) and the bison (-5. latifrons) 
were in existence, while the horse, which is abundantly represented 
in the Pliocene, and is continued into the Quaternary Period, had 
become extinct before the discovery of America. His remains are 
found in Eschscholtz Bay (latitude 66° 20' North) in connection 
with those of the Eleplms primigenius, the urus, deer, and musk- 
ox, imbedded in a deposit of clay and fine micaceous sand. The 
rhinoceros (H. merianus) appears in the Miocene of Texas, and is 
represented in the Pliocene of the Upper Missouri as i?. crasstis^ 
and in the same formation in California as R, hesperiits; but thus 
far the JRhinoceroa tichorhinus so intimately associated with the 
great Proboscidians of Europe, has not, to my knowledge, been 
found in North America. In addition to these forms may be men- 
tioned the great mastodon, which came into being subsequent to 
the elephant, and survived his extinction. 

The fact of the existence of the mammoth or mastodon, was 
certainly known to the founders of the cities of Central America, 
for in more than one instance there is graven with elaborate care, 
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on the walls of their structures, the form of a Proboscidian, which 
cannot be mistaken for one or the other of these animals ; but the 
works on which these delineations are made, indicate a far higher 
order of art than was ever attained by the prehistoric man of 
Europe. These delineations, I am disposed to think, are of the 
mastodon, and, found as they are upon the walls of stone-built 
palaces and temples, there is strong evidence to believe that this 
great Proboscidian survived almost to the Historic Period. 

The men of the Reindeer Epoch made gradual advances in the 
industrial arts. They did not cultivate the soil, for the climate 
was still inhospitable. While their progenitors were content with 
knives flaked from flints in the form of rude fragments with cutting 
edges, they wrought out tools more symmetrical, but without any 
attempt at polishing. 

They attained to a very creditable degree of artistic skill, as 
shown by their designs traced on tablets of ivory, and carved out 
of the antlers of the reindeer. We have thus represented the stag, 
the ibex, the horse, a reindeer couchant forming a dagger-hilt, and 
also the great elephant with his characteristic markings ; the small 
oblique eye, the ponderous trunk, the recurved tusks, and the 
shaggy mane. The human form even is delineated. We have an 
ivory statuette of the female figure, and traced on a stag's horn 
the outline of a male figure with a caudal appendage like that 
which was conjectured by Lord Monboddo, the eccentric Scotch 
philosopher, to appertain to the primitive man. 

On this continent the evidences of the existence of man at this 
age, while obscure, are yet, I am disposed to believe, authentic. 
The human bone found in the Loess at Natchez, and the flint 
implements found in connection with the Missouri mastodon, may 
claim as high an antiquity as the oldest of the European " finds." 

The discoveries in California would seem to carry back the ex- 
istence of man to a date still more remote. As early as 1857, Dr. 
C. F. Winslow sent to the Boston Natural History Society a frag- 
ment of a human cranium found in the " paydirt " in connection 
with the bones of the mastodon and elephant, one hundred and 
eighty feet below the surface of Table Mountain, California. It 
was in this region (Angelos, Calaveras County) that a human skull 
was subsequently found by a miner named James Matson in a shaft 
one hundred and fifty feet deep, which passed through five beds of 
lava and four deposits of auriferous gravel. The statements of 
Professor Whitney as to the authenticity of this skull have been 
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received with extreme distrnst ; but does not this earlier discovery 
of human remains in the same formation confirm the correctness of 
those statements? 

Our country is yet new, and it is only recently that attention has 
been directed to these investigations. It is hardly to be expected 
that a competent observer will be present at the precise time when 
any relic of the past is disinterred ; and there is an universal feel- 
ing of doubt and distrust as to the authenticity of all such finds. 
With the evidence before us that both hemispheres have been sub- 
jected to the same dynamic causes, and peopled by the same races 
of animals, often identical in species, is it not philosophical to 
infer that here we shall be able to detect the traces of man and 
his works, reaching back to as high an antiquity as on the Euro- 
pean continent ? 

The Reindeer Epoch terminates the earliest known record in the 
career of man. It was signalized by a series of physical events 
too important to be slightly passed over. The glaciers again ad- 
vanced, and again the land became refrigerated; but the cold 
period was not so long continued, and was less intense. To this 
succeeded a period of warmth, and as the glaciers dissolved under 
its influence, there ensued a flood which swept over the lowlands 
and forced the cave-dwellers to flee to the high grounds. The 
' water in Belgium, according to Dupont, rose to the height of four 
hundred and fifly feet, and the calcareous mud, known as the 
Loess, was then deposited in the Rhine Valley. The caves were 
also invaded, and the "bone-earth" which forms the division 
between two distinct faunae, is of the same age. 

It was during this epoch that the great mammals disappeared 
from the earth, — the elephant, the rhinoceros, the cave-bear, the 
cave-hyena, the tiger, and the Irish stag ; while the reindeer, the 
musk-ox, and the elk, migrated to the north where the changed 
conditions of climate were more congenial to their nature. 

The musk-ox has disappeared from Europe, but he survives on 
this continent, restricted in his range to what are known as the 
" Barren Grounds," lying between the Welcome and Coppermine 
Mountains. The aurochs, protected by stringent laws, still sur- 
vive, while the horse, domesticated by man, has vastly multiplied. 
The ure-ox, living through the great catastrophe, has disappeared 
within historical times. 

The greatly augmented thickness of the Loess on this continent, 
would indicate that the ice action was exerted more powerfully, 
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and its effects are traced over a larger area ; and the same destruc- 
tion overtook the larger quadrupeds, extending even to the gigan- 
tic sloths, who lived in a milder climate. 

From this era we may date a change in the physical conditions 
of our planet, so far at least as relates to the northern temperate 
zone. The climate became milder, and the soil yielded more boun- 
tifully those seeds and firuits which contribute to human support. 
Man for the first time began to show signs of progress in the 
industrial arts. His weapons of flint were more symmetrically 
fashioned, and in some instances were polished. The dog became 
his companion, and some of the other animals were domesticated. 
This was the Polished Stone Epoch. 

In the Bronze Epoch we trace still greater advances. Man dwelt 
in fixed habitations. He surrounded himself with such domestic 
animals as the ox, horse, pig, goat, and sheep, and retained his 
companionship for the dog. He cultivated wheat and barley, whose 
flour he kneaded into bread and baked between heated stones. 
Apart from berries he gathered the fruits of the pear, cherry, and 
plum. The discovery of the art of smelting copper, and of the 
additional art of hardening it by a slight admixture of tin, was an 
immense stride towards civilization. Ere long followed the dis- 
covery of the art of iron-smelting, — a discovery which has done 
more to advance the welfare of our race than all others combined. 
Then it was that man, for the first time, was furnished with a 
weapon which enabled him to achieve a conquest over Nature, and 
this assertion will not appear extravagant when we reflect how 
intimately this metal is connected with all the industrial arts. 

The Iron Epoch approaches so near the Historic Era that, as 
forming a portion of geological history, the events are too insig- 
nificant to be dwelt upon. 

The Mound-builders of our own country, in the scale of civiliza- 
tion, were intermediate between the Polished Stone and the Bronze 
Epochs of Europe. They resided in towns, many of which have 
since become the sites of flourishing cities. They practised agri- 
culture, making use of maize as their chief cereal ; but therd was 
not on this continent a domestic animal who could aid them in 
their labors or contribute to their sustenance. Strange as it may 
seem, that while the Danish kitchen-middins and the Swiss refuse- 
heaps contain abundant traces of manmialian bones, thus far they 
have been but rarely detected in the mounds. They chipped with 
great skill the limestone-chert into spades, spear-heads and arrow- 
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heads. Out of porphyry or greenstone they wrought their hatchets 
and battle-axes, and these were often ground and polished. The 
same materia], too, was often used in making pipes, which were 
carved into forms representing quadrupeds and birds, so faithful in 
detail that the species to which they belonged can be identified. 
The specular iron ore of Missouri was elaborately wrought and 
polished into slung-shots or plummets. They mined extensively 
the native copper of Lake Superior, which they beat, and perhaps 
smelted, into knives, chisels, spear-heads, arrow-heads, and bracelets. 
They wove cloth with a 'regular warp and woo^ out of a fibre as 
yet undetermined. They modelled clay into vases, water-coolers, 
and other utensils, and ornamented them with elaborate designs, 
and the human face, even, is portrayed with rare fidelity; and 
finally, they must have maintained an intercourse with distant and 
widely separated portions of the continent. 

Since the close of the Reindeer Epoch the changes which have 
taken place in the flora and fauna of Europe have been slight. 
We may note, however, the disappearance of the Scotch fir {Pinus 
sylveatris) fi-om Denmark, where it is found entombed in the peat- 
swamps, and the introduction of the sessile oak, which in turn is 
becoming supplanted by the common beech. In the Baltic the 
oyster flourished in places fi-om which it is now excluded, and 
certain other marine forms that attained a full growth, are now 
dwarfed. There is an instance or two of the disappearance of 
mammalian forms, but this may be traced to the direct agency of 
man. These slight changes in physical geography have modified 
the distribution of animals and plants, but they have not affected, 
in the least, their form. Whatever changes have been observed 
are due to domestication. 

So far as relates to our own country, there are evidences in the 
Great Basin and on the Colorado Plateau, that at no remote day 
there was a much more genial climate and a soil more productive 
than now prevail. This is seen in the dead forests that line the 
monntun sides ; in the water lines of the lakes and streams high 
above the greatest floods; in the deep canons through which now 
course trickling streams, but which must have formed the channels 
of voluminous rivers ; and in the alluvial bottoms now bare and 
desolate, in which are imbedded the remains of a robust vegetation. 

I have, perhaps, dwelt too long upon these changes which have 
so essentially modified the surface of the earth, and at the same 
time the destinies of our race. Had an Arctic climate continued 
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• 

to prevail over what is now the temperate zone, man would have 
made no advance in civilization ; life to him wonld have been a 
continued struggle for existence. It is only in a genial climate, 
and on a soil so generous as to yield with moderate exertion a sup- 
port, that he can cultivate his intellect ; and such culture, I need 
hardly affirm, is at the base of all civilization. 

How great the contrast between the primitive cave-dweller and 
the practical man of to-day, who, availing himself of the conquests 
of science, subjects the forces of Nature to his will ; who spans 
with bridges deep chasms ; who stretches his iron rails over high 
summits ; who traverses the trackless deep with unerring course ; 
who flashes intelligence over a hemisphere. How different from 
the intellectual man of to-day, who weighs the earth as in a 
balance; who measures the distance of the sun and assays its 
elements ; who maps the comet's path ; who penetrates the deep- 
est mysteries of the Universe. The one was almost a brute ; the 
other is almost a god ! 

While these revolutions have taken place on the sur&ce of the 
earth they have, at the same time, been sufficiently powerful to 
modify the marine fauna in the disappearance of old and the intro- 
duction of new forms to the depth of 1500 feet ; but in the pro- 
founder abysses of the ocean, age after age, the conditions of life 
have remained comparatively unchanged. It is only within the 
past year that this interesting &ct — a fact which must lead to a 
material modification of our previously formed views — has been 
prominently developed. 

The soundings made as far back as 1857, over the great tele- 
graphic plateau which stretches from Valentia to Newfoundland, 
disclosed in all instances a fine calcareous mud'which entombed 
countless millions of shells belonging to the family of Rhizopoda^ 
and some peculiar bodies which are known as Coccoliths and Coo- 
co^heres, which were found to correspond with the organic con- 
tents of the true Cretaceous Period. In 1861, among a number 
of living mollusca and corals found adhering to a telegraphic cable 
between Algiers and Sardinia, taken up for repairs, Milne-Edwards 
detected certaiA shells which were only known as Tertiary fossils. 
In the same year Sars, the Swedish naturalist, described the Hhizo- 
crinus LofotensiB^ obtained on the Scandinavian coasts a new and 
living type of Crinoidea belonging to a family characteristic of the 
Oolite. The soundings, prosecuted under the direction of Count 
de Pourtales, attached to the United States Coast Survey, between 
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Florida and the outer edge of the Gulf Stream, have yielded im- 
portant results which have been in part reported upon by de Pour- 
tales, the elder and younger Agassiz, and Lyman. 

The deep-sea dredgings prosecuted during the past year on 
board of her Britannic Majesty's ship Porcupine, placed at the dis- 
posal of a scientific conmiittee consisting of Messrs. Carpenter, 
Jefirys, and Thompson, have yielded results of the highest interest. 
The supposition of an Azoic zone must now be abandoned. The 
profoundest depths of the ocean, in which the Himalayas or the 
Andes might be engulfed, are now believed to be inhabited, and 
inhabited, too, by organic forms which, since the dawn of the 
Cretaceous Age, have undergone no considerable modification. 
The littoral deposits, on the other hand, show the most marked 
diversities in oi^anic forms. In one sense, as dedared by Dr. Car- 
penter, we are living in the Cretaceous Age; in another, since the 
close of that age we have witnessed repeated dispersions and 
modifications of organic forms. 

Dr. Wyville Thompson, generalizing on these fitcts, says that 
there is no direct evidence that oscillations have taken place in the 
Northern Atlantic greater than 1500 feet since the commencement 
of the Mesozoic Period, and that the great depressions in the 
Pacific and Atlantic Oceans are due to causes that acted before 
that period. 

"^ There have been," he continues, '^ constant nunor oscillations ; 
but the beds formed during periods of depression, but now exposed 
by an upheaval of this minor character, are comparatively local 
and shallow water beds, as shown by the nature and richness of 
their fauna.'' 

The dredgings which have been made in the fresh-water lakes 
of high northern latitudes have proved of equal interest. In the 
Swedish lakes, Wetersee and Wenersee, have lately been discov- 
ered Crustacea which, though differing from those now living in 
the sea, are clearly related to marine forms of a northern and even 
Arctio character. Thus have been found the Mysia rdicta^ whose 
congeners live altogether in the sea, and those resembling the 
species in the most northern latitudes ; the Oammariua loHcatua 
thus far found only in the Arctic Ocean, Baffin's Bay, Greenland, 
and Spitzbergen ; the Idothea erUomorij in the Arctic Ocean and 
the Baltic Sea; and the JPontoporcia affinis^ still found in the 
Baltic, but whose related species occur in the Greenland seas. 
These lakes are three hundred feet above the sea-level ; but these 
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results show that at no remote day they communicated with the 
ocean, and were originally tenanted by a marine fauna of aii Arc- 
tic type. As these waters became first brackish and then fresh, 
most of the forms died out during the transition, leaving in the 
depths a few Crustacea which correspond in part to the species in 
the Baltic, and in part to those of the Arctic Ocean. 

Within the past year Dr. Stimpson has obtained results equally 
interesting, from dredgings brought up from the deeper parts of 
Lake Michigan. The lake-level is five hundred and eighty-three feet 
above the ocean, and the greatest depths extend below that line. 
At the depth of sixty fathoms he obtained a Myais^ which, although 
not specifically identical with the Swedish form, is closely allied, 
and its occurrence authorizes us to draw the same conclusions as 
to the marine character in former times of the Great Lakes, which 
the Swedish physicists have arrived at as to the former condition of 
their own. 

Much discussion has been had in former years, and even in this 
Association, as to the nature of these lake waters during the Gla- 
cial Age. It is well known that on the borders of Lake Champlain, 
and at intervals along the St. Lawrence from Quebec to Kingston, 
and up the Ottawa, the terraces attaining an extreme height of 
between four hundred and five hundred feet, contain marine 
remains ; but when we pass over into the Great Lake basin, these 
remains disappear. Hence it has been inferred that, at that time, 
as now, the Great Lakes were filled with fresh water : but the dis- 
coveries of Dr. Stimpson, I think, disprove the correctness of this 
inference ; and frirther discoveries may show that these lakes for- 
merly had communication, not only with the Atlantic through the 
St. Lawrence, but with the Arctic Ocean through Hudson's Bay. 

We are now led to the inquiry : What has caused these great 
changes of temperature, afiecting the whole economy of terrestrial 
life? Between the Arctic and Antarctic regions there are great 
diversities of climate and physical conditions. The one is charac- 
terized by a vast expanse of land, and the other by a vast expanse 
of ocean. The one enjoys a short-lived summer, in which the 
flowers • blossom and fructify ; in the other reigns unmitigated 
winter, and even mosses and lichens are absent. In the one, the 
reindeer and musk-ox are hunted to the verge of the sea ; in the 
other, animal life disappears below latitude 56°. Man has been 
able to penetrate North to 82° 40' 30", or within nearly five hun- 
dred miles of the pole ; but to the south he has only reached 78° 
10', or about eight hundred and fifty miles. 
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There are several causes which combine to produce this result. 
The great continental masses which characterize the northern 
hemisphere, warmed by summer sun, radiate heat into surrounding 
space, while the narrow expanse of land in the Antarctic circle, 
bathed by chilled waters, and encased in ice, acts as a refrigerator 
of the atmosphere. Besides, as we shall hereafter show, owing to 
the earth's movement, the southern summer is shortei^ by at least 
eight days, and the amount of heat received during that period by 
the northern hemisphere cannot but exert an appreciable influence. 
The Arctic region, then, enjoys a milder climate than it would if, 
as in the Drift Epoch, it were submerged to the depth of at least 
two thousand feet. In the Great Year of astronomers, the south- 
em pole, after having passed through its great winter solstice, is 
now entering upon its summer climate. 

Lyell has conjectured that these phenomena are due to a difler- 
ent distribution of land and water, combined with a different dis- 
tribution of oceanic currents ; but with an expanse of land occu- 
pying almost the whole of the northern hemisphere, and with the 
Gulf-stream diffusing its warm breath over the western coast of 
Europe, and the Japan Current over the western coast of America, 
we find that the domain of ice and snow remains fixed ; and we 
can conceive of no conditions, dependent upon these causes, 
whereby the Cinriarnonium should again flourish at Bellingham Bay, 
or the Sequoia on the Greenland coast. 

Others have inferred that these great cycles of warmth and 
cold may be due to the increased or diminished heat transmitted 
from the interior of the earth. If we adopt the theory of a cool- 
ing globe, there must have lapsed a very considerable period 
between the time when it passed from an incandescent state and 
when it became fitted for the sustenance of organic forms. Sir 
William Thompson, basing his observations on the well-known 
laws of heat and conservation of energy, infers that it has only 
been habitable within the last one hundred millions of years. It 
is then, if his estimates be true, within this interval that we are to 
include all the changes in the organic world, — the floraB and faunro 
which have successively come into being, and have successively 
displaced each other. 

In the process of solidification the earth is supposed long ago to 
have arrived at that stage when the radiation from the cooling 
surface is no greater than that derived from the sun, and, therefore, 
a stable temperature has been established. We would infer, then, 
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that any violent reaction of the interior upon the exterior crust, 
would affect more sensibly the deep-sea animals than those dwell- 
ing on the land; but the investigations which I have cited, show 
that while the sea fauna has undergone slight modifications since 
the dawn of the Cretaceous Epoch, the land fauna has been sub- 
jected to the most marked deviations. 

May not, then, these fluctuations of temperature be due to 
causes which operate from the exterior ? Is it necessary to assume 
that, throughout the lapse of all time, our planet has occupied its 
present relation to the sun, or the solar system ? Is not the re- 
cession of Sirius, which is now going on, an argument against the 
fixity of the siderial heavens ? 

We are assured that ours is not a central sun, but one in the 
great procession of stars which is sweeping towards the constella- 
tion Hercules : and that in the region of ether there are spaces of 
densely clustered stars, and other spaces which are comparatively 
barren. Now every star is a sun, emitting light and heat, a portion 
of which is transmitted to us. Our planet at this time is moving 
through one of those starless spaces, and therefore is not in a posi- 
tion to receive the full influence of such a cause. The distinguished 
Swiss botanist, Heer, to whom we are so largely indebted for our 
knowledge of the Miocene flora, has suggested that it is to this 
source rather than to telluric causes we are to resort to explain the 
varying distribution of temperature as manifested in past geological 
times. 

Again : Have we the right to assume that, throughout all past 
ages, the poles of our planet have pointed in the same direction ? 
We can conceive that, if its axis were to form with the plane of 
the ecliptic, the same angle which it now forms with the equatorial 
plane, there would ensue an entire change of climate, and conse- 
quently of organic forms. Why should the astronomer insist on 
the immutability of the siderial system, when to the geologist is 
unfolded a record of seas displaced and continents elevated ; of 
great cycles of heat and cold ; of the disappearance of old, and 
the appearance of new forms of organic life ? Change, not con- 
stancy, is inscribed on every leaf in the volume of Nature. 

I am not a believer in the doctrine of multiplied shocks. I 
would not, in the explanation of natural phenomena, resort to blind 
catastrophes. But is there not behind all, and over all, and per- 
vading all, a great governing principle to whose operation we can 
reftr these changes ? Does it not exist in the celestial mechanism 



▲DDBB8S OF SX-FBBBIDBNT FOSTEB. 17 

itself? To the solution of this problem the attention of several 
physicists has been directed. 

The speculations of the French savant, Adhemar, are not alto- 
gether to be overlooked, based as they are on the precession of the 
equinoxes and the movement of the apsides ; a movement which, 
I believe, was unknown to the elder astronomers. If we compare 
the movement of the earth with the stars, it requires the lapse of 
26,000 years to bring the equinox to correspond with the same 
point in space it now occupies ; but the orbit itself being movable, 
this period is reduced to about 21,000 years. This is called the 
Great Year, being the measure of time before the winter solstice 
will again exactly coincide with the perihelion, and the summer 
solstice with the apftelion, and before the seasons will again har- 
monize with the same points of the terrestrial orbit. 

The earth, at this time, approaches nearest the sun in the north- 
em hemisphere during autumn and winter, and it is only when it 
recedes the farthest from the source of heat that the northern 
hemisphere receives the full effect of its vivifying warmth. As the 
earth between the vernal and autumnal equinox traverses a longer 
circuit than during the other half of the year, and also experiences 
an accelerated movement as it draws near the sun, the result is, 
that the northern summer is longer than the southern by about 
eight days; but after the lapse of 10,500 ye^rs these conditions 
will be reversed. It was in the year 1248, according to Adhemar, 
that the Great Northern Sunmier culminated, since which time 
it has continued to decrease, and that decrease will go on until 
the year 11,748, when it will have attained its maximum. 

This compound movement, the precession of the equinoxes and 
the shifting of the line of apsides, it is claimed, exerts a marked 
influence in the distribution of the earth's temperature. While 
the Great Winter prevails at the north pole, the refrigeration is so 
excessive that the heats of summer are insufficient to melt the 
snow and ice precipitated during the winter, and hence, year after 
year, and century after century, they go on accumulating, until the 
circumpolar region is in a state of glaciation, and the added weight 
becomes sufficient to displace the centre of gravity, which would 
be equivalent to a subsidence at one pole, and an elevation at the 
other. M. Adhemar has even calculated the extent of this move- 
ment, and states that it would amount to about 5500 feet. Now, 
let it be borne in mind that Professor Ramsey has shown that 
in Wales the submergence of the land during the Drift Epoch 
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amounted to 2300 feet, and our own observations show that in the 
northern portions of this country the glacial action proper may be 
traced to the height of 2000 feet; although there were mountains 
which served as radiating centres, on whose flanks the Driffc action 
may be traced ipuch higher. These geographical points, roughly 
estimated, are about midway between the equator and the pole, 
and the extent of the subsidence would correspond very well with 
the calculations before referred to. 

In the year 1248, the Great Winter terminated at the south 
pole, where for 10,500 years the accumulation of snow and ice had 
been going on, attended with the phenomena which we have 
described. "Here then," says M. Julien, an advocate of this 
theory, "is an irresistible force which, following the invariable 
law of the irregular precession of the equinoxes, must make the 
earth's centre of gravity periodically oscillate." 

Mr. Croll, an English physicist, has elaborately discussed this 
question in a series of papers in the " Edinburgh New Philosophi- 
cal Magazine," which have excited profound attention. With great 
labor he has prepared tables showing the amount of the earth's 
eccentricity for the period of three millions of years, at intervals 
of 10,000 years for a greater portion of that time, and 50,000 years 
for the remainder. He infers that a glacial period occurs when the 
eccentricity of the earth's orbit is at a maximum, and the solstices 
fall when the earth is in perihdio and in aphdio ; and that only 
one hemisphere has a glacial climate at the same time, which 
occurs when the winter is in apJidio. 

In this connection I may mention the labors of our own country- 
man, Mr. Stockwell, who has prepared a paper, now on file in the 
Smithsonian Institution, embodying his own calculations as to the 
earth's eccentricity for the past two millions of years. 

There is such an intimate connection between the several 
branches of science, that the researches in one field often throw 
light upon the obscure points in another. In the solution of this 
difficult problem, the geologist may invoke, and I trust not unsuc- 
cessfully, the aid of the astronomer. 

That a set of causes were active during the Drift Epoch, in one 
hemisphere, which remained dormant in the other, admits of little 
doubt ; and the advocates of the astronomical theory, as evidences 
of the shifting of vast amounts of water from one pole to the 
other, point to the marked difierences in the topographical features 
of the two hemispheres. In the Austral region we meet with pro- 
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jecting headlands and peninsular-like tenninations of continents, 
and groups and chains of islands in the Pacific and Indian Oceans 
extending over vast areas, which rise up like the peaks and crests 
of mountains. These are the evidences of a gradually engulfed 
hemisphere. In the Boreal region we have wide expanses of land 
diversified by mountains, prairies, and plains ; elevated sea-beaches 
and river-terraces, most conspicuously displayed on the borders of 
the Arctic Sea; vast oceanic shoals; a marine fauna of a northern 
type preserved in beds of 1400 feet, and stratified beds of gravel 
and sand, 2000 feet above the ocean-level ; clusters of lakes yet 
retaining their bitter waters ; shallow seas once salt, but each 
decade becoming more brackish ; vast desert tracts which up to a 
recent time formed the ocean bed ; — all these phenomena indicate 
a hemisphere gradually emerging firom the waters. Perhaps the 
physicist can discern in these great periodic oscillations, the method 
by which Nature perpetually renews the youth of our planet, and 
maintains its fertility. 

• 

Gentlemen of the Amebican Association, — The hour, 

which, in your courtesy, had been assigned to me, has now lapsed, 
and I must bring these remarks to a close. The topics which have 
passed under review open up spheres of thought with regard to 
time and space too vast to be compressed within the limits of a 
mere oral discourse. Asserting no ability by reason of profound 
research to pass authoritatively on these results, may I not inquire : 
Have they not disclosed new paths in the great domain of Nature, 
which may be profitably explored jointly by the geologist and the 
astronomer ; and is there not a probability that there will be found 
to exist an intimate relation between the periodic fluctuations of 
temperature on our planet, and the periodic perturbations to which 
it is subjected as a part of the solar system ? Great as have been 
our achievements in science during the past, we profoundly believe 
that new triumphs await the patient observer. 
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I. MATHEMATICS AND ASTRONOMY. 

1. NOTB ON CBETAIN INVOLUTBS OP A CIBCLE, AND ON THE 
ANALYTICAL VALUE OF THE HYPBBBOLIC BASE. By ThOMAB 

Hill, of Waltham, Mass. 

I HAVE been investigating the meaning of the equation y = Ax " 
when X and y are not rectilinear coordinates. The result obtained 
in Peirce's Circular Coordinates is the subject of the present note. 

The equation 

Q.=lv', (1) 

evidently represents the nth involute of a circle, the .constant of 
integration having been always made equal to zero. 
The length of the arc of this involute is 



8^= ^ y« + l = -^g^, (2). 



'n 



If now in (2) we make n=Qo and v=^n-\-ii we get, while fi re- 
mains finite, 8^z=iQ^^ which would seem an equation of a logarith- 
mic spiral ; but the substitution of the same values in (1) renders 
that equation infinite of the form 
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We must, therefore, assume v = which gives ^^ = iZ = e /S,, , 

which is a logarithmic spiral. 

I am not aware that the lemma ri^z=.e^ n! has ever been pub- 
lished. 

The lemma 7i(w/)'"Vli = «I have demonstrated by three proo- ^ 
esses. For the following neat form I am indebted to Professor F. 
W. Bardwell, of Kansas : — 

(4). Let us adopt the notation 

2'(7i-) = !"•+ 2"' + 3* + &c. + n", 

yjlW-^- 1 

(5). For n = 00 this becomes 21 in^\ = • 

(6). Putting X for the second member of the lemma, and involv- 
ing, we can deduce 

\_ n/ liJ _« 

aj» nn n* rC n n 

(7). And by inverting the order 

(8). The logarithm of (7), whatever the value of n, gives us 
nlog.a.= i+|(^)«+;-(L)' + &c. 

+:-+5(-:)"+5(^)*+*'^ 

-f- &c. -}- &c 

(9). Summing the vertical columns in (8) gives, by (4), and 
dividing by n, 

(10). And when n is infinite we have by (5), 

log.ic = i + ^\j + ^i5 + ,iy + &c=L 

r 

Whence a; = e, quod erat demonstrandum. 
It is to be observed that I here discuss only integral values 
of n ; fractional values give entirely different curves. 
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2. On a New Method of Determining the Leyel-Ebbob of 
THE Axis of a Mebidian Instbument. By C. A. Young, 
of Hanover, N. H. 

The inclination of the axis of a meridian instrument to a hori- 
zontal plane has hitherto been measured by three different 
methods : by the use of the spirit level ; by examining with a col- 
limating eye-piece the image of the wires as in nadir-point obser- 
vations, the coUimation having been previously determined either 
by reversal of the instrument or by collimators; and lastly by 
observing the transits of stars by reflection from an . artificial 
horizon. 

The first of these methods is by far the most used, and with 
portable instruments is sufficiently convenient. Still it requires a 
good deal of time, and, in the case of a large instrument, of hard 
work; and if there are sensible irregularities upon the pivots of 
the instrument it is a very troublesome operation to ascertain and 
apply the necessary corrections. 

The second and third methods are still more laborious: the 
second gives the level error corresponding to but one single posi- 
tion of the telescope, i, e., with the telescope pointing downward, 
and is therefore liable to a constant error depending upon any 
malformation of the pivots which affects the instrument in this 
particular position ; the third method can be used only when the 
air is perfectly still. 

The method I have to propose allows the determination of this 
error without any further labor than two readings of a microscope, 
in any position of the telescope, and without that uncomfortable 
climbing which is involved in the use of the striding level or nadir 
observations. The arrangement of the apparatus is illustrated by 
the annexed 'diagram, in which, however, no regard is paid to the 
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relative proportion of parts ; the prism and mercurial horizon being 
grossly exaggerated in size for the sake of distinctness. 

The axis of the instrument is to be fitted up as a collimator in 
the same manner already practised by Challis, Airy, and others. In 
place of cross-wires, however, the extremity A should be provided 
with a J)late of thin glass having a minute dot or circle engraved 
upon it, the plate being adjustable so that this dot can be brought 
into the geometrical axis of revolution and into the focus of the 
small object-glass which is situated in the other pivot, O. A read- 
ing microscope, J\f, is attached to the pier and provided with an 
ordinary collimating eye-piece iV^ by which light can be thrown 
upon the dot through the tube of the microscope. This enables us 
to measure the vertical distance between the dot and its image 
formed by reflection in the manner to be described. 

Opposite is fixed a prism shaped like that of a camera lucida, 
which by two total reflections bends the light through a right 
angle. Immediately below it is placed a mercurial horizon. If an 
ordinary right angled prism were employed, producing thie bend 
by a single reflection, then any disturbance of the prism would 
disturb twice as much the relation between the ray passing fi'om 
Ato and that returning ; but with a prism of the form proposed 
this relation is independent of any small changes in the position of 
the prism. Distortion of the prism, which is hardly to be feared, 
could alone do any harm. 

A prism of this form and m£rcurial horizouy thus combined, 
form in effect a vertical plane mirrar^ whose verticality is indepen- 
dent of any smaM instability of the pier upon which it is mounted. 

It is then easy to see that if the dot be accurately centred, and 
if the axis is level, the image of the dot will exactly coincide with 
the dot itself provided that the reflecting angle of the prism be 
exactly 135°. If, however, the angle vary slightly from this, the 
image of the dot will fall above or below the dot itself by a smajl 
amount, which will be constant, and can be determined once for all 
by any one of several difierent methods. Any deviation of the 
axis from horizontality will immediately be indicated by a change 
in this distance twice as large as the deviation itself, and may be 
accurately measured by the microscope. Inaccuracy in the cen- 
tring of the dot is eliminated by taking two measurements in 
opposite positions of the telescope. 

The mercurial horizon employed should of course be so devised 
as to be free from tremors as far as possible. The form recently 
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described by J. H. Lane, of the TJ. S. Coast Survey, appears to 
leave little to be desired in this respect. 

There is no difficulty in arranging the apparatus so that the 
ordinary illumination of the wires at the eye-piece of the telescope 
shall be effected by the light transmitted through the body of the 
microscope. So arranged, the apparatus remains in constant readi- 
ness for use, and, as before remarked, requires only the labor of 
taking two microscope readings for each determination of level 
error, without involving any disturbance of the setting of the 
instrument. 

I may add in closing, that this virtual mirror of constant incli- 
nation to the horizon may easily find other applications, — as for 
instance in determining the horizontal points of a vertical circle 
where the object glass of the instrument is not so large as to 
require a too unwieldy and expensive prism. 



3. The Discovebt op the Fobce which obiginally im- 

PABTED ALL THEIB MOTIONS TO ALL THE StABS. By JaCOB 

Ennis, of Philadelphia, Penn. 

This paper is devoted to the force which in the beginning im- 
parted all their motions to all the stars. The stellar velocities are 
among the grandest wonders of modem science. Our sun revolves in 
an unknown orbit at the rate of four hundred and twenty-two thou- 
sand miles per day, carrying along his beautiful halo of planets and 
satellites ; while at the same time this, our earth, is hastening around 
the sun with a velocity of more than a thousand miles a minute. 
The star 61 Cygni moves more than two thousand, and Arcturus 
about three thousand miles per minute. In the history of science 
it is a remarkable fact that no inquiry has been made about the 
force which has produced these mighty movements. We are 
awed with a feeling of astonishment almost overcoming our facul- 
ties when we reflect on the unseen power which could send through 
space such great globes with such inconceivable velocities. Hence 
all that has been said about the origin of these stellar velocities is, 
that they could not have originated from the force of gravity ; and 
this assertion has often been repeated. 

After reflecting a long time on this wonder, it has been my for- 
tune to discover that gravity is, indeed, the force which, in the 
A. A.A.S. yoL.zix. 4 
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beginning, pat all the heavens and the earth in motion. The 
method by which I made this discovery was by the study of the 
nebular theory. As by the study of the Copemican theory Newton 
discovered that gravity is the force which now holds all the stars 
in their orbits, so by the study of the nebular theory the discovery 
has now been made that gravity is the force which originally gave 
all the stars their motions in those same orbits. 

The nebular theory, as understood by myself supposes all mat- 
ter to have been diffused nearly equally through all space. This 
diffusion of matter could not have been perfectly even ; for that 
would have been a condition beyond our experience among the 
fluids of creation. The air is not perfectly even in its densities, 
nor the aqueous vapor in the air, nor the waters of the ocean. 
Some of the mightiest marine currents flow from these unequal 
oceanic densities. After this difiusion of matter through all space, 
contraction began. This contraction was caused by chemical com- 
bination ; but the proofs of this cause need not be considered now. 
Whatever might have been the cause of contraction, I am now to 
prove that gravity, acting on \he slowly condensing fluid, was the 
great instrument in the hand of Omnipotence which moulded the 
stars, arranged them in systems, placed them in their orbits, and 
gave them their wonderful velocities. This is saying great things 
for gravity, and the announcement may look too wide and sweep- 
ing. But the proofe of this great truth are clear and easy. I will 
advance them one by one in numerical order. 

1. When the original difiusion of nebulous matter began to con- 
tract, gravity would gather the rarer portions around the denser, 
and thus separate the whole into many difierent portions, like the 
numerous clouds which ssdl by on a smnmer day when the vapor in 
the air is condensing. Such clouds are naturally difierent in size, 
irregular in shape, and at unequal distances apart. Sir Isaac New- 
ton says that " if matter were evenly difiused through a finite 
space, and endowed with innate gravity, it would fall down in the 
middle of the space, and form one great spherical mass ; but if 
matter were difiused through infinite space, some of it would col- 
lect into one mass, and some in another, so as to form an infinite 
number of great masses. In this manner the sun and stars might 
be formed, if the matter were of a lucid nature." 

2. From the difierent sizes and unequal distances apart of the 
primitive nebulous clouds, it would happen that they would fall 
into one another. Those which were near would, by gravity, be 
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drawn together; and the smaller would fall into the larger. But 
in no case could one ever be struck by another in the direction of 
the centre of gravity. The falling body would necessarily be 
under the influence of other neighboring bodies ; and, being thus 
drawn out of its direct course, it would strike obliquely. If with 
the blow of a hammer we strike a suspended ball in the direction 
of its centre, it will fly straight onward. If we strike it obliquely, 
it will spin around. In like manner the nebulous body when struck 
obliquely would enter upon a rotation. 

8. Rotation would begin not only from the diflerent sizes and 
unequal distances apart of the primitive clouds : it would begin 
also through gravity from their irregular shapes. Clouds have 
angular projections, long drawn-out arms, nearly detached outliers. 
Gravity would bring all these irregularities down to the level of 
rotundity. But these projections and arms and outliers would, as 
they fell, be also under the influence of gravity from the neighbor- 
ing clouds. Hence they would come down obliquely, and these 
oblique falls would lead to rotation. They would at first produce 
several lateral currents, running in different directions on the sur- 
face of the nebulous globe. But by the composition of forces 
these diflerent currents must ultimately coalesce into one ; and this 
current around the new-bom globe would be its rotation. But 
snch surface currents would form only a rotation on the surface : 
even a small cloud falling into a larger one very obliquely would 
produce only a surface rotation. 

4. This surface rotation would be retarded by friction on the 
nnrotating interior. This retardation would be greater or smaller 
in proportion as the nnrotating interior were greater or smaller. 
But, whatever be the amount of retardation, the momentum of 
rotation would not be lessened ; because the momentum lost by * 
the exterior would be gained by the interior ; and in this manner 
the entire globe must rotate. 

5. But, from the very beginning, the amount of rotation would be 
continually increasing, on account of the continued contraction of 
the nebulous globe. The contraction of the globe would increase 
the amount and velocity of rotation in this way : Every particle of 
a globe, as it went forward, went also downward toward the centre 
by contraction. They would all, therefore, take the direction of an 
inclined plane, and go down all the while faster and faster, accord- 
ing to the law of descent down an inclined plane. 

6. But the velocity down an inclined plane is calculable ; and, 
therefore, the velocity of rotation is calculable. A ball rolling 
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down an inclined plane gains the same velocityy friction excepted, 
as when it falls through the height of the plane. And a particle 
on the equator of a nebulous globe, going round and round, no mat- 
ter how often, down any distance toward the centre of the globe, 
gains the same velocity, friction excepted, as if it should fall 
directly down equally near to the centre. In calculating the 
increasing velocity of such a perpendicular fall, we really calculate 
the increasing velocity of rotation, always excepting friction.* 
7. But how rapid can this velocity of rotation become? In all 

* For initaooe, in the nebula forming onr solar system, there was neoeasary a 
rotation with a Telocity equal to the present orbital velocities of the seyeral 
planets when the sur&ce of the nebula had contracted to their orbits. I hare 
demonstrated mathematically that the yelodty of a fiUl from infinite space to the 
orbit of any planet is to the orbital Telocity of the planet as 100 is to 70, Tery 
nearly. Infinite space is taken for a couTenient approximation, because the 
attraction of a body at Tast distances becomes so exceedingly small. A mass of 
matter which would be attracted by the sun with the force of 409,000,000 pounds 
at the sun's sui&oe, would be attracted with the force of 002 pounds at the 
earth's orbit, and of only one pound at the orbit of Neptune. It would be attracted 
with only the one-hundredth part of an ounce at forty times the distance of Nep- 
tune. I haTe shown that, if our nebulous sun had a Telodty of rotation of only the 
one-third of a mile per hour at its greatest expansion, say half the distance of the 
nearest fixed star, then, according to the law of " rotation areas " — the radius 
Tector sweeping oTer equal areas in equal times — at the orbit of Mercury it must 
haTe a Telocity of rotation equal to the orbital Telocity of that planet, — namely 
110,000 miles per hour. It is generally known that, if our earth should contract in 
volume, it must also increase its Telocity of rotation. But it seems not to be 
generally known that this increase of Telocity wbuld be caused Molehf by theJbroB of 
gravity in hurrying eTeiy particle of the globe down an inclined course toward 
the centre. 

If the Telocity of a Ml from infinite space to any orbital Telocity be as 100 to 
70, then it may be objected that the force of graTity is too great to be the force 
which gaTe their Telodties to the stars. To this it may be replied : Ist. That 
no rotation of any nebula actually began off at infinite space : large contraction 
must haTe taken place before rotation began ; 2d. That rotation began generally 
on the exterior, and the Telocity was retarded by friction on the interior. In the 
case of our solar system, I haTe proved that this retardation between the orbits 
of Neptune and Uranus was one per cent in a contraction of 260,000,000 miles 
in diameter of our nebulous sun : so nearly does the actual Telocity of Uranus 
agree with its Telocity as due to the force of graTity. 

This paper is designed to present not the mathematical calculations leading to 
these results — for that would go fiir to fill this Tolume — but only the results them- 
selTes stated concisely, in distinct propositions, in their widest generality, and in 
their most logical sequence. This has noTer been done before. MoreoTer, many 
things are here brought out, which are not referrred to in " The Origin of the 
Stars," or in my papers in the Proceedings of the Academy of Natural Sciences, 
PhiUdelphia, for 1867. 
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vastly extended nebulous globes, this velocity of rotation may 
reach a certain definite limit beyond which it cannot increase. 
This limit is when the rotation becomes so rapid that the centrifii- 
gal equals the centripetal force. This limit is first reached by the 
matter on the equatorial zone of the nebulous globe, because there 
the centrifugal force is always greatest, and the centripetal force is 
always least. This zone of equal force must always be narrow, 
because of the extreme oblateness of the swiftly rotating nebu- 
lous globes : their equatorial being to theii^polar diameters nearly 
as two to one. Therefore a narrow and shallow equatorial zone, 
being equally balanced between two forces, cannot descend any 
nearer toward the centre of the globe, and hence cannot increase 
its velocity. But the matter next beneath that zone may descend 
and increase its velocity until it becomes equipoised ; and, so on, 
layer after layer arrives at the point of equipoise where it can no 
longer descend, and no longer acquire additional velocity. Hence 
these layers must be abandoned by the contracting interior, and 
separated from the globe. 

8. If the nebulous globe be homogeneous in its density, then the 
matter on the equatorial zone will be constantly arriving at the 
point of equipoise, and constantly abandoned by the contracting 
globe. These rings may be very near to one another, so that, 
taking all together, from the outer to the inner, they may form a 
nearly continuous disk. 

9. If the globe be not homogeneous in its density, if the outer 
strata, independent of preeAure, be less dense than the interior, — then 
the several strata will be separated from the interior globe at wide 
intervals from one another, and the succession of rings encircling 
the globe will be &r apart. No close disk-like series can then be 
formed. This was the case with our nebulous sun. 

10. If in any nebulous globe rotation begins with a thin layer 
on the exterior, and if the globe be not greatly expanded, then 
retardation will be great and the distance for contraction will be 
smalL Therefore a velocity of rotation may never be attained so 
great that the centriftigal may equal the centripetal force. From 
such nebulous globes no equatorial rings can be separated ; and 
such formerly were Mars, Venus, and Mercury. They abandoned 
no nebulous rings which might subside into satellites. 

11. If the initial velocity be not merely in an external layer, but 
a general movement through the entire globe, and if the globe be 
very greatly expanded, then all the matter of the globe may be 
separated in a disk-like succession of rings. 
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12. Between these two extremes, there may be an infinite num- 
ber of intermediate grades ; none of the matter may be separated, 
or a small part may be separated ; then larger and larger portions 
may be separated ; until finally all the matter of the globe may be 
spread out in a disk-like succession of rings. 

13. By continued contraction all the rings must break up into 
separate nebulous clouds, in the same manner and for the same 
reason as did the nebulous matter originally diffused through all 
space. Here we contemplate two successive sets of nebulous 
clouds. We may call the first in the order of time the Pbimabt 
Nebitl^ and the next the Sbconbabt Nebula. The secondary 
nebulsB must also rotate and give off rings. These latter rings 
must also break and form Tbbtiaby NebuLuS, which in turn must 
rotate and again produce rings and Quatbbnaby Nebula. The 
primary nebul» formed sidereal systems; the secondary nebulas 
formed solar systems which revolve within sidereal systems ; the 
tertiary nebulsB formed planetary systems which revolve within 
solar systems; the quaternary nebulsB in our solar system have 
condensed into satellites or moons. There are solar systems a 
hundred times larger than our own, and in these great systems the 
quaternary nebulsB have probably given rise to a fifth or a sixth 
series of nebulse. 

14. We have now arrived at a point in which we behold how 
gravity has caused both rotundity and rotation ; how, through this 
velocity of rotation, gravity has produced a centrifugal force acting 
antagonistic to itself; how by this centrifugal force it has separated 
rings fi:om interior contracting globes ; how gravity has collected 
these rings into round rotating bodies, which by further contrac- 
tion have settled into stars. Here we behold how the rotations 
and the revolutions of the stars are plainly due to gravity and to 
gravity alone. Therefore we have our position clearly proved, that 
gravity acting on slowly condensing nebulous matter was the 
great instrument which moulded the stars, arranged them in 
systems, placed them in their orbits, and gave them their wonder- 
ful velocities. But our proofs of the originating and formative 
agency of gravity do not stop here. We follow them on to show 
how gravity has given origin to a vast number of strange phenomena, 
which meet the gaze of astronomers in the many systems of stars 
which in every direction animate the boxmdless realm of space. 

15. The forms of all the systems of stars are infinitely varied. 
Probably, like the trees of the forest and the faces of men, no two 
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are alike. This has arisen from the fundamental fiict, ttiat no two 
clouds are alike, whether the clouds be nebulous in the beginning, 
or vaporous now in our atmosphere. They differ in size, in shape, 
in density, and in distances apart; and all these four elements 
must have contributed to vary the systems of stars. The sidereal 
systems, on account of their great distances, appear like mere 
patches of light, and hence they are called nebulaa. The telescope 
resolves many of them into stars ; but no telescope can ever resolve 
them all, because the infinity of space can never be reached and 
explored by a finite instrument. 

Some spectroscopists have lately announced that a few of the 
nebulsB (sidereal systems) are really great masses of gas in a blaze. 
This is a mii^ake ; and it has arisen from the fact that some sidereal 
systems are so distant that the light of their individual stars can 
make no impression on the sight, even with the aid of the most power- 
ful instruments. Their light arrives in a collected mass, like that from 
a gaseous difiRision ; and its action on the spectroscope must in both 
cases be alike. The light from incandescent solids and gases dif- 
fers in this, — the luminous particles of solids are close together ; 
those of gases are far apart. Hence their difference by the spectro- 
scope. But, in the far distant sidereal systems, the angular distances 
of the several stars must be somewhat similar to the angular dis- 
tances of the luminous particles of a gas near by ; hence their 
resemblance by the spectroscope. But this question is decidedly 
ended by the fact that some of those very nebulse, which give the 
gaseous lines by the spectroscope, have been resolved into indi- 
vidual stars by the aid of very powerful telescopes; thus proving 
that they are not gaseous. 

16. When a great disk of nebulous matter, formed from a pri- 
mary nebula, and evenly spread out from the centre to the circum- 
ference, broke up by contraction into a system of stars, then these 
stars would be evenly distributed through every part of the disk- 
Uke system ; and such sidereal systems, now appearing in the heav- 
ens, are called Plaitetaby Nebuka. When the rings were closer 
together toward the centre, then the resulting stars would be more 
thickly clustered there; and such sidereal systems now in view are 
caUed Elliptical NBEULiS. When the nebulous matter was not all 
thrown off in equipoise between centrifugal and centripetal forces, 
then a large mass might settle in the form of a great star at the 
centre. Such sidereal systems now appear Uke a huge star 
encbcled with a dim haze, which haze is composed of the small 
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Stan of tbe disk. These sidereal systems are called Nebulous 
Stabs. 

17. There may be rotations of fluids where, by centrifugal force, 
all the matter is driven from the centre towards the circumference. 
We see this in the whirlpool, and in the whirlwind or tornado. In 
the tornado the central vacuum may be so nearly complete that 
water will rise in the centre several feet, and spray and mist even 
to the clouds. But so violent a rotation can never be produced, 
except by great external force. As the paddle strongly propelled 
through the water may make deep dimples, and as the concussion 
of opposing currents of air may cause tornadoes with a central 
vacuum more or less complete, — so the primitive nebulous clouds 
might, through gravity, rush together with a rotation violent enough 
to throw nearly all their material from the centre to the circumfe]> 
ence, leaving it there as a great thick ring, suspended in equipoise 
between centrifugal and centripetal forces. Then, in the process of 
contraction, this great ring would break up into many smaller 
nebulsB ; and, as these subsided into stars, those stars would be dis- 
posed around in a ring-like form. Sidereal systems, appearing now 
in the remote depths of space in the form of a ring, are called Annu- 
LAB Nebula. They are scarce objects in the heavens, amounting 
to only about half a dozen ; and among the annular nebulsB must be 
reckoned the sidereal system to which our own solar system belongs. 
It consists of a ring of stars, closely crowded together, called die 
Milky Way, and a disk-like stratum of stars less closely arranged, 
which disk entirely fills up the space within the Milky Way. One 
of the annular nebulsa has been compared to a gauze stretched 
over a hoop. Our own stellar system is the same. The Milky Way 
is the hoop ; and the stars of the interior disk, more sparsely scat- 
tered, are the gauze. In the original formation of our sidereal 
system, all the matter was not thrown off as a ring : some was left 
for the interior disk; and this was probably the case with all annu- 
lar nebulsd, whether we be able to see the disk or not. 

18. When the nebulous matter of our interior disk separated 
by contraction into secondary nebulas, and formed solar systems, 
some of these solar systems became very large. The clusters 
known as Pnesepe and Coma Berenicis contain thousands of suns 
like our own. The Pleiades and the Southern Cross each contain 
about one hundred and fifty bright stars. From these larger solar 
systems the number of sims in others dwindle down to four, three, 
and two ; but the vast majority have only a single sun. Those with 
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only four, three, or two are called quadruple, triple, and double 
stars, because the two, three, or four, appear to the naked eye as 
but a single bright star. When the nebulous matter, either of a 
primary or secondary nebula, was spread out by rotation and cen- 
trifugal force in a disk composed of closely crowded rings, then 
when contraction occurred there was no certain rule into how 
many fragments any disk should break. , If there happened to be 
two spots more dense than the rest, then the entire disk might be 
attracted around them. Thus two new centres of revolution 
would be established, and both these new centres would revolve 
around the original centre of gravity. . If the materials around 
these new centres were small, they would form a double star ; if 
they were enormously large, as in the primary nebulaa, they would 
form two large closely connected sidereal systems, each one revolv- 
ing around its own centre, and both together would revolve around 
their original centre of gravity. When seen from our distance, 
they are called Doitble Nebula. Dynamical laws must operate 
in the same manner whether on a small or a large scale ; and hence 
the process of creating double stars and double nebulae is the same. 
The double stars may each have a hundred or two hundred planets 
and satellites revolving around them ; as our own sun has probably 
more than two or three hundred attendants, counting the asteroids 
and comets of short period. But each of the centres of a double 
nebula may be surrounded by millions of suns. 

19. Some of the large solar systems^ composed of hundreds of 
suns, seem to have changed from a disk-like to a glohuLar form. 
This may have happened from that action of gravity called pertur- 
bation. In our own solar system some of the asteroids, being near 
together, have been so greatly affected by their mutual gravitations 
as to be thrown thirty degrees out of their original orbital planes. 
When the clusters are very large, and the stars are crowded nearly 
together, there is no reason why the changes should be limited to 
thirty degrees. These changes may occur on both sides of the 
original orbital plane, and thus form a system so nearly globular as 
to appear such at our distance. 

20. While solar systems generally have central suns, th& sidereal 
systems very rarely have a large centred body. In the primary neb- 
tdsB, forming sidereal systems, rotation began chiefly by the i^lling 
together of neighboring nebulae, and this generally produced rota- 
tion at once all the way from the circumference to the centre. 
Being very large, many millions of times larger than the secondary 
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nebulsB, their materials had by contraction a long distance to fall in 
the rotary way towards the centre. Hence all their materials conld 
acquire a velocity so great that the centriftigal could equal the 
centripetal force. Therefore none of the materials could settle to 
the centre to form a central sun. But the secondary nebula were 
held firmly in their orbits by the equipoise of centripetal and cen- 
trifugal force. They could, therefore, seldom fall obliquely into 
one another to produce a rotation through all their interiors. 
Being incomparably smaller than the primary nebulaB, they had 
but a short distance to contract and fall by rotation to the centre. 
Hence they could not gain a high velocity, nor a centrifugal force 
strong enough to keep the greater part of their materials from sub- 
siding to the centre. None of them formed solar systems resem- 
bling annular or planetary nebulsB. A few resemble elliptical 
nebulsB ; and the gi*eat mass of them are like the sidereal systems 
called nebulous stars, — the halo of planets and satellites around the 
single sun, in a solar system, being exactly analogous to the haze 
of millions of smaller suns around the great central sun in a side- 
real system. 

21. The primary nebulsB were all stationary in space. They 
rotated on their axes, but moved not from their positions. There 
was nothing to make them move. Gravity could bring together 
the first irregular clouds which were within each other's spheres of 
attraction, but this falling together could produce rotation only, 
and not a movement of translation from place to place. There- 
fore the sidereal systems resulting Jrom the primary nebulcB are now 
stationary. But all secondary nebulae, from their first existence, 
were in rapid motion. They were formed of broken rings which 
swiftly revolved around the centres of their parent primary nebulae. 
Therefore, the solar systems, resulting from the secondary nebulae, 
move with great velocities in their orbits. The same may be said 
of tertiary nebulae and their resulting planetary systems. 

22. From this immobility of sidereal systems, we must conclude 
that there is no central sun of the universe^ — no one special me- 
tropolitan point, around which all systems of stars revolve. More- 
over a centre is a point equally distant every way from some 
boundary. But the universe has no bounds ; therefore it has no 
centre, and no central sun. 

23. From this difierence between the primary and secondary 
nebulae, in point of motion, we find itoo differences in the origin of 
their rotations. The exterior side of a secondary was the one 
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turned away from the centre of its sidereal system ; the interior 
side was the one toward that centre. The exterior side moved 
more rapidly, and the interior more slowly, than the centre 
of the secondary nebulaa. This difference of movement, as the 
nebulaB continued to contract, must have led to direct rotation. 

The secondary nebulaa were flying past one another, and through 
gravity were raising tidal waves on each other's 
surfaces. The nebulae a, ft, and c, in the figure, 
move in their orbits in the direction of the 
orbital arrows: a moves faster, and c slower 
than b. Hence conjointly they would raise 
around b tidal waves in the direction of the 
arrows at b. These tidal waves would lead to 
retrograde rotation. 

These two sources of rotation were possessed by the secondary ne- 
bulaB, in addition to the two possessed by the primary nebulsD : which 
latter were, firsts their falling together ; and, secondly, their assump- 
tion of round forms. Gravity^ however, was the operating force in 
all four cases. The most effective by far was that of the falling to- 
gether of the primary nebulaB. The falling together of the material 
of a ring of a primary nebula, forming a secondary nebula, was but 
slightly effective in producing rotation, because that material had 
to travel nearly along the line of the orbit, and hence the different 
portions could not strike one another obliquely. Among the four 
causes affecting the secondary and tertiary nebulae, the most powerful 
in producing rotation was the difference of velocity between their 
exterior and their interior sides. Hence the planets and satellites 
of our solar system have nearly all a direct rotation. But in the 
conflict of the four different causes it is not to be wondered at that 
retrograde rotation was produced in one or perhaps two planets of 
our system. There may have been also another cause for retro- 
grade rotation, and acting through gravity, as has been shown in 
*' The Origin of the Stars." It has there also been shown that from 
the same cause the orbital planes of planets and satellites may be 
removed from the equatorial planes of the bodies around which 
they revolve. Gravity has also there been pointed out to have 
been the cause which changed the orbits of the celestial bodies 
from their original rings in circles to ellipses. 

24. It has now been proved, that gravity acting on slowly con- 
densing nebulous matter has moulded it into stars, and arranged 
them in great sidereal systems called nebulas, various in their forms, 
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as annular nebulae, planetary nebulae, elliptical nebulae, double nebu- 
lae, and nebulous stars. We have also seen how the action of grav- 
ity accounts for the formation of solar systems ; some with a central 
sun like our own, and others consisting of large, nearly globular 
clusters of stars ; multiple stars, triple stars, and double stars. The 
action of gravity also accounts for the occasional retrograde rotation 
of the stars, for their elliptical orbits, and for the departure of these 
orbits from the equatorial planes of their controlling central bodies. 
What seem to be irregular nebulae may, in reality, be regular. 
The apparent forms of all irregular nebulae change surprisingly by 
the aid of higher telescopic powers, and their ultimate symmetries^ 
forms may not yet be reached. Sometimes two or three regular 
nebulae may be seen one beyond another, and the whole may 
appear to us like a single irregular nebula. Many stars we know 
have lost their luminosity, and this loss in some nebulae may give 
them a torn and irregular appearance. While our solar system 
may be accounted for by the action of gravity, the planets may 
nevertheless be arranged around the sun in no symmetrical order; 
and in like manner all the stars of a sidereal system may revolve 
around their common centre of gravity, but they may maintain no 
positions with respect to one another which would give the whole 
a regular appearance, especially at a long distance. Therefore, 
while we behold in the heavens many forms of sidereal systems 
which harmonize beautifully with the action of gravity, we cannot 
say that really there are any forms which may not have been pro- 
duced by that action. 

25. Among the many systems of stars, whatever be their sizes 
or their forms, there is a wonderful unity of structure. This unity 
flowed from their common origin by rotation and the abandonment 
of rings. The rings of Saturn are beUeved, from sound reasons, 
to be composed of meteorites, small stones, from the size of a peb- 
ble to a few inches, or a few feet or yards, in diameter. The ring 
of the asteroids is composed of similar small bodies, some of the 
larger reaching the diameter of a few miles. If the asteroids 
already discovered were arranged around in a ring at equal 
intervals, we would see them at distances apart of about five 
diameters of the moon. Soon these distances will be much less 
on account of their rapid rate of discovery. In the Milky Way the 
stars are so closely crowded that, to the naked eye, the ring appears 
unbroken. These three rings are one in a planetary system, one 
in a solar system, and one in a sidereal system. But whatever be 
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the system, or whatever the size, it is a matter of mathematical 
demonstration that they may have flowed from slowly condensing 
nebulous matter rounded and rotated by gravity. Light crosses 
the diameter of the rings of Saturn in about a second of time. It 
crosses the ring of the asteroids in about an hour. It crosses the 
ring of the Milky Way in about five thousand years. The forces 
by which the universe has been created operate in precisely the 
same manner, whether on a large or a small scale. The crystals 
of some minerals measure occasionally a foot in diameter, and 
often they are so small as to be invisible to the naked eye. But 
the microscope reveals their angles, their edges, and their planes 
to be shaped and proportioned, whether small or great, in exactly 
the same way. This identity of structure flows from identity of 
creative force. The stars occupying the space within the ring of 
the Milky Way are situated in a stratum or round disk, and this 
disk must be regarded as formed ori^ally from a series of rings 
closely arranged one within another. We find the same arrange- 
ment in the far distant sidereal systems. The annular nebulsD 
are but repetitions of the Milky Way. The planetary nebulsB are 
repetitions of our own interior disk-like structure of stars. An 
elliptical nebula is the same, except that the rings and their result- 
ing stars were crowded more thickly toward the centre. A nebu- 
lous star is again the same with this diflerence, that it did not 
throw off all its material in the form of rings ; a considerable por- 
tion subsided in the centre as a great controlling sun in the system. 
And here we come to a form like our own solar system, the only 
difference being that our sun, while much smaller, has also a 
smaller number of revolving attendants. And what are the plane- 
tary systems of Jupiter, Saturn, and TTranus, but repetitions of the 
Bolar systems and of nebulous stars ? We have already seen how 
double stars and double nebulsd are but different degrees of the 
same structure, and different illustrations of the effects of gravity, 
when rounding and rotating the various nebulous masses. These 
masses, differing in size, in shape, in density, and in situation, 
have left each one its own peculiar impress on the finished work 
of gravity. 

26. Our solar system has within itself more than four hundred 
different and independent motions. The twenty moons or satel- 
lites have each four motions: one of rotation on their axes, another 
around the planets, a third around the sun, and a fourth along the 
unknown orbit of the sun around the centre of gravity of our 
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sidereal system. The eight planets, the one hundred asteroids, 
and the three rings of Saturn have each three motions, and the 
sun has two. When we contemplate our solar system with this 
mazy complication of more than four hundred different move- 
ments, and then inquire what is the force which originally imparted 
all these velocities, approaching the very nearest to lightning 
speed, we evidently have before us one of the most difficult prob- 
lems that the human mind has ever encountered. Newton de- 
clared, ''It is not to be conceived that mere mechanical causes, such 
as gravity, could give birth to so many regular motions." " These 
bodies may indeed persevere in their orbits by the mere laws of 
gravity, yet they could by no means have first derived the regular 
positions of the orbits themselves from those laws." When New- 
ton made this a part of his Prindpia nothing could seem more likely 
to be true. The complexity of more than four hundred movements 
in a mazy dance, one within another, seems indeed beyond the 
reach of any one force. Hence his assertion has often been 
repeated by learned men, on both sides of the Atlantic, from his 
day down to our own. But now the grand truth breaks on our 
minds, with all the clearness of the sun, that gravity is really the 
force which gave- birth to this intricate complication of so many 
motions in one harmonious system. After the announcement of 
the Copemican theory, one hundred and thirty years passed on, 
and Newton discovered that gravity is the indispensable force on 
which that theory is founded. After the discovery of Newton one 
hundred and ten more years passed away, and Laplace announced 
the nebular theory, accounting for the origin of the solar system ; 
and since this announcemeht of Laplace, another seventy years have 
intervened, and now the discovery has been made that gravity is also 
the foundation of the nebular theory. So slow is the growth of 
human intelligence. Both the Copemican theory and the nebular 
theory are alike impossible without the action of gravity. By the 
one theory gravity now holds all the stars in their orbits ; by the 
other theory gravity originally gave all the stars their motions in 
those orbits. We can now tell the order of time in which the 
satellites of our system received each one their four several inde- 
pendent motions. The first was the motion along the unknown 
orbit of the sun around the centre of gravity of our sidereal 
system ; the second was the motion around the sun ; the third was 
the motion around the planets ; the fourth and last was the motion 
around their own axes. 
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But we are astonished, not merely at the coincidence between 
the action of gravity and the harmony of these four hundred inde- 
pendent movements in their complicated directions. In addition 
to this, there stands before us the wonder of the coincidence be- 
tween the velocities of these four hundred motions, — no two being 
equally rapid, — and their calculated velocities as due to gravity. 
I have elsewhere shown mathematically that all the planets and 
satellites of our system have precisely such velocities as are due to 
gravity, wanting only a small amount due to friction. In the con- 
traction of the nebulous sun the velocity of rotation coincided so 
nearly with the velocity due to gravity, that only one per cent, was 
lost by friction in a contraction of 250,000,000 miles in diameter.* 
This friction was an absolute necessity, because the rotating exte- 
rior was moving over the unrotating or slowly rotating interior. 

I need say nothing to prove that the discovery of the projectile 
or centrifugal force in astronomy is quite as impoitant as the dis- 
covery of the centripetal force, whether we look at its bearings on 
science, or on the moral and religious advancement of mankind. 
As the discovery of the centripetal force proved the Copemican 
theory to be true, and placed it on an immovable basis, so the dis- 
covery of the centrifiigal force proves the nebular theory to be true, 
and places it on an eternal foundation never more to be shaken. 
Hitherto, in the history of creation, we have been able to go back 
by the teachings of geology to the period when our globe was all 
covered with water, no dry land anywhere appearing. Beyond 
that ancient period all was doubt or unverified conjecture. Now 
we can go back to the time when all matter was evenly diffused 
through all space as a thin vapor, millions of times more rare than 
hydrogen. In writing the doings of the great Creator we can 
make that far distant era our starting point, and from there we 
can come down with a firm and an assured tread through all the 
long tracts of time to our own day. 

* See " The Origin of the Stars/' section 18th. 
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4. The Velocity op Nebxjlab Rotation. By Jacob Enihs, oi 
Philadelphia, Penn. 

I HAVE been the first and the only one to demonstrate both the 
velocity of nebular rotation, and the force which causes that 
velocity. Nevertheless there are others who profess to have done 
both these things. The object of the following pages is to show 
that their professions are without foundation. 

I. The Velocity of Nebitlab Rotation. 

The late J. P. Nichol, Professor of Astronomy in the University 
of Glasgow, writing on the nebular theory, in his " Architecture 
of the Heavens," letter 7th, says : " The nebular theory must 
yield a law accounting for the relation of the velocity of each 
planet to its distance ; it must show that the velocities or times of 
the revolution of the several planets are consistent with the 
account given of their origin. Now the inquiry which contains 
the reply to this query is not difficult, and has lately been taken up 
and completed by a young French geometer. The velocities of 
the several planets should clearly coincide with the period occupied 
by the sun in rotating on its axis at the time when his atmosphere 
extended to their present orbits. Now the times necessarily occupied 
by the sun in rotating in those earlier states are calculable ; and 
we find the most singular coincidence of theory with observation. 
Each planet revolves at present nearly in the time in which he 
must have rotated when the corresponding outer zone of his 
atmosphere was abandoned, — a circumstance which M. Comte 
considers as bestowing almost demonstrative evidence on the Neb- 
ular Cosmogony." 

The very intelligent author of "The Vestiges of Creation" 
lays great stress on the same point in these terms : ^ M. Comte, 
of Paris, has made some approach to the verification of the hypo- 
thesis, by calculating what ought to have been the rotation of the 
solar mass at the successive times when its surface extended to the 
various planetary orbits. He ascertained that the rotation corre- 
sponded in every case with the actual sidereal revolution of the 
planets^ and the rotation of the primary planets in like manner 
corresponded with the orbital periods of the secondaries!^ 

M. Comte himself in his "Cours de Philosophic Positi^" 
says : ^ From the whole of these comparisons I deduced the follow- 
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iBg result : — sapposing the mathematical limit of the solar atmos- 
phere successively extended to the regions where the different planets 
are found, the duration of the sun's rotation was, at each of these 
epochs, sensibly equal to that of the actual sidereal revolutions of 
the corresponding planet ; and the same is true for each planetary 
atmosphere in relation to the different satellites." 

These calculations of Comte are not ^ what we would suppose 
them to be from the several descriptions. They do not begin with 
the first very slow rotation of our nebulous sun, and show how and 
tohf/ that rotation must of necessity increase during the progress 
of contraction, and from time to time equal all the planetary 
velocities. On the contrary, M. Comte merely compared the cen- 
trifrigal and centripetal forces at the equatorial surface of our 
nebulous sun when it was expanded to the orbits of the several 
planets. He found that in the nebulous sun then, as in the planets 
now, these two forces would be equal at those distances and with 
those velocities. But this is merely a truism. If it be true of the 
present planets, it must have been true of the nebulous sun's equa- 
torial sur&ce, providing the distances and the velocities were the 
same in both cases. Because with the same distance and velocity, 
the centrifugal force must for ever remain the same ; and, again, 
at the same distance from the centre of the sun, gravity or the 
centripetal force cannot vary. But this is not the problem 
which we demand. We demand to know hato or why the nebu- 
lous sun received those velocities at the several planetary orbits, 
so that the centrifrigal and centripetal forces might be equal. This 
is what I have shown, and this is the solving of a problem entirely 
different from that of Comte, which has been so often quoted. 

But in truth Comte did not find this exact equality between 
these two forces, but only an approximation. And when he made 
the two forces equal, he found a difference between the time of the 
planetary revolution and the time of the solar rotation. He says : 
^ It is remarkable that this difference, though increasing as the 
planet is more distant, preserves very nearly the same relation to 
the corresponding periodic time, of which it commonly forms the 
forty-fifth part." Prof. Nichol says : " This difference, so far from 
overthrowing the presumption arising from the close correspond- 
ence, only opens more engrossing questions. The difference be- 
tween the two periods must have originated in some laws and 
definite actions, although they are yet unknown. Future analysis 
will unquestionably detect these laws." Several years ago, in look- 
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ing over this matter, I " detected these laws." The discrepancy 
results from the former erroneous determination of the earth's dis- 
tance from the sun. The earth's distance determines the distances 
of all the other planets. Recently our earth's distance has been 
ascertained to be about 3,000,000 miles shorter. This makes 
the distance of Neptune about 100,000,000 miles shorter. The 
former erroneous distance caused an astonishing discrepancy be- 
tween the centrifugal and the centripetal forces ; or between the 
times of revolution of the planets and the nebulous solar rotation, 
if we assume the two forces to be the same. I have spoken of 
this in « The Origin of the Stars,"- pp. 237-8. The planets have 
been assumed to be frirther distant than was the sur&ce of the 
nebulous sun when they were parted as rings. Comte says 
this discrepancy in their periods of revolution becomes greater and 
greater as we pass to the more distant planets. This I also found ; 
and* it is because the erroneous distance of the earth becomes 
repeated so much oftener in the cases of the more distant planets : 
in Neptune, whose distance is thirty times that of the earth, it 
becomes the most glaring of all. 

£. Loomis, LL.D., Professor of Astronomy in Yale College, 
gives a statement of his own on the velocity of nebular rotation. 
It is contained in his ^ Elements of Astronomy," published in 1869. 
The title and tenor of his 448th section is as follows: — 

''How THE Nebitlab Htpothbsis mat bb TESTED. Tliifl hjpotheais 
may be tested in the following maimer. The time of revolution of each of 
the planets ought to be equal to the time of rotation of the solar mass at the 
period when its surface extended to the given planet. Let us then suppose 
the sun^s mass to be expanded until its surface extends to the orbit of Mer- 
cury. 1£ we compute the time of rotation of this expanded solar mass, we 
shall find it to be nearly four months, which corresponds with the time of 
revolution of Mercury. If we suppose the sun^s mass to be farther ex- 
panded until its surface extends to each of the planets in succession, we 
shall find by computation that the time of rotation of the expanded solar 
mass is very nearly equal to the actual time of revolution of the coirespond- 
ing planet. 

" So, also, if we suppose the earth to be expanded until its surface extends 
to the moon, we shall find by computation that its time of rotation corre- 
sponds nearly with the time of the revolution of the moon. In like man- 
ner, if we suppose each of the primaiy planets to be expanded until its 
8ur£gice extends to each of its satellites in succession, we shall find that its 
computed time of rotation is very nearly equal to the ac^pl tune of revoln* 
tion of the corresponding satellite.^^ 
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ThiB Statement of Prof. Loomis contains a new condition added 
to those of Gomte, Nichol, and the author of the ^ Vestiges of 
Creation ; " still it has the appearance of heing th^ same, and I 
suppose he thought it was the same. He says, '^ Let us suppose 
the sun's mass to he expanded until its surface extends to the orbit 
of Mercury, then we shall find by computation its time of rotation 
equal to a revolution of that planet, and so on corresponding suc- 
cessively to all the other planets." But, in reality, we shall find a 
vastly different velocity. Instead of 110,000 miles per hour, the 
velocity of Mercury, the time of the sun's rotation at his orbit 
would be less than fifty-six miles per hour. At our earth's orbit, 
instead of being 68,000 miles per hour, it would be less than 
twenty-two miles per hour. At the orbit of Neptune, instead of 
being 12,500 miles per hour, it would be less than one mile per 
hour. These numbers of mine result from the principle of the 
conservation of areas ; they are found with sufficient nearness in 
this way. The sun's radius vector — the line fi*om his centre to his 
equatorial sur&ce — must sweep over equal areas in equal times. 
That radius is now 441,000 miles ; his rotation velocity per hour is 
4,500 miles ; therefore the area swept over per hour in miles is very 
nearly 441,000 X 4,500 -r- 2. When expanded to the orbit of Mer- 
cury these numbers, to yield an equal area, must be Mercury's dis- 
tance, 35,560,000 X 56 -7- 2 very nearly. When expanded to the 
earth's orbit the numbers must stand, — earth's distance 92,000,000 
X 22 -T- 2 nearly. When expanded to Neptune these velocity 
numbers, fifty-six and twenty-two, dwindle down to less than one. 

The error of Prof. Loomis's statement is seen at a glance wheo 
we compare the sun's velocity of rotation, now 4,500 miles per hour, 
and his velocity when expanded to the orbit of Mercury. Then it 
must have been equal to Mercury's present velocity, which is 
110,000 miles per hour. How in the process of expansion can this 
increase of velocity be obtained ? By no known means. Mxpanr 
sion would produce a much lese^ instead of a much greater 
velocity. The same difficulty opposes the statements of Comte 
and of all others, until my own. If the sun rotated with a velocity 
of 110,000 miles per hour when expanded at the orbit of Mercury, 
then it should increase, and not lessen its velocity to 4,500 miles 
per hour, when contracting to its present dimensions ; the same as it 
increased its velocity at the orbit of any planet when contracting 
all the way firom Neptune to Mercury. Why did not the sun keep 
on regularly as before increasing its velocity inside the orbit of 



44 A. ICATHBMATICS, PHY8ICS, AKD CHSMISTBY. 

• 

Mercury ? All writers on the nebular theory, both friends and foes, 
before myself overlooked this difficulty. No one ever conjectured 
the cause until it was published by myself in " The Origin of the 
Stars,** section twenty-two. 

The same difficulty occurs also, though in a lesser degree, outside 
the orbit of Mercury all the way to Neptune. In the course of 
contraction the rcidius vector of the nebulous sun, instead of sweep- 
ing over equal areas in equal tijnes, swept in &ct over smaller and 
smaller areas at the distance of every succeeding planet. This 
would have stood as a valid objection to the nebular theory. But 
happily I discovered that nebular rotation must necessarily begin, 
in nearly aU cases, not at the centre of the nebula, as all previous 
writers had supposed, but on the surface. This surface rotation 
must of necessity be retarded by friction on the unrotating inte- 
rior ; hence the radius vector must sweep over smaller and smaller 
areas in proportion to the amount of retardation. But in a gene- 
ral sense the principle of equal areas in equal times holds true ; 
because what is lost in velocity by the particles on the exterior is 
gained by those of the interior. The sum of the areas swept by 
the radii vectores of all the particles must be a constant quantity ; 
but practically these areas cannot be computed, because we do not 
know the densities of the several strata of the nebula, and hence 
we do not know the positions of the particles, or the lengths of 
their radii vectores. Nevertheless on Prof. Loomis's plan, and 
what appears to be the plan of Comte, Nichol, and others, the 
principle of equal areas in equal times must be followed out with a 
single radius vector extending from the sun's centre to his surfece ; 
and then the absurdity of their statements soon becomes manifest. 
Nothing but the principle of retardation can explain the 
apparently discordant velocities necessary in the nebular theory, 
and according to my calculations this retardation comes in, not at 
last as a mere makeshift, but in the very beginning as an imavoida- 
ble condition in nebular rotation. 

II. Thb Cause of ths Increasing Yelocitt in Nebulae 

Rotation. 

The reason why all previous writers were unable to calculate the 
increasing velocity of nebular rotation was because they had not 
discovered the cause of that rotation, or of its increasing velocity. 
But a cause they nevertheless assigned, and I am now to show 
that their cause was not the true one. 
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Nichol, in his seventh letter in the ** Architecture of the Heavens," 
says : ^ The condensation of a diffiised and a comparatively slow 
whirlpool cannot take place without a great and growing increase 
in the velocity of its rotation, inasmuch as the momentum or 
amount of rotatory force must, in all its stages and conditions, con- 
tinue the same." Here " the increase in the velocity of rotation " 
is ascribed to " the momentum of rotatory force." This, indeed, 
when once imparted, from whatever cause, might produce an 
increase in angular velocity ; but an increase in linear velocity is 
necessary. Hence all the planets, beginning with Neptune and 
coming down to Mercury, have, in each case, a greater and greater 
linear velocity, — Neptune 12,500 miles per hour, the Earth, 68,000, 
and Mercury, 110,000. But mere "momentum" or "inertia " can- 
not increase its own linear velocity. It can increase only its angu- 
lar velocity, if transferred nearer the centre of rotation. But an 
increase of angular velocity, with no increase of linear velocity, 
will not give a centrifugal force equal to the centripetal force at a 
nearer distance toward the sun's centre. The equality of those 
two forces are necessary to separate a nebulous ring and form a 
new planet or satellite. 

Stephen Alexander, LL.D., Professor of Astronomy in Prince- 
ton College, N. J., in his elaborate essay on the nebular theory, in 
" Gould's Astronomical Journal," Vol. H., says : " By a contraction 
from loss of heat there would result an increase in angular velocity 
of rotation, the momentum remaining unchanged." This is the same 
doctrine as that of Nichol; momentum, no matter how acquired, is 
the cause of an increase of angular Velocity of rotation. Not a 
word is said of an increase of linear velocity, which is absolutely 
necessary. 

The late Professor Sears C. Walker, while discussing the nebu- 
lar theory in the "Proceedings of the American Association for the 
Advancement of Science," second meeting, p. 218, says : " If a 
planet in a primitive state existed in the form of a ring, revolving 
around the sun, the momentum of rotation must, by virtue of the 
principle of conservation of movement, have existed in some form 
in the ring." This is plainly the same doctrine as that of Alexander 
and Nichol, and needs no additional remarks. 

Robert Grant, F.R. A. S., in his "History of Physical Astron- 
omy," p. 162, says : " Now it follows immediately from a well-known 
principle in mechanical science, that when a body is endued with a 
rotatory motion, and not exposed to the action of any extraneous 
forces, the principal moment of inertia, or, in other words, the sum of 



46 ▲. MATHBHATIC0, PHYSICS, AlTD CHBIOSTBT. 

the products formed by multiplying each particle into its angular 
velocity and the square of its distance fix)m the axis of rotation, is a 
constant quantity. The number of particles then remaining the 
same, if their distances from the axis of rotation be diminished, 
their angular velocities must be increased, and vice versaP 

Whatever be the reason for the truth of the above proposition, 
involving **the angular velocities," and ^the squares of the diB- 
tances," it is manifest that Grant assumes as the reason, that the 
original ^ moment of inertia is a constant quantity." His view, 
therefore, respecting the cause of increasing rotation velocity, is 
the same precisely as that of Nichol, Alexander, and Walker. He 
wrote the above not of a contracting nebula, but of our present 
earth contracting from loss of heat. But the reason for both must 
be the same. Nothing in his statement shows him to be aware 
that an increase in linear, as well as in angular, velocity would be 
the result of contraction, and that gravity would be the cause of 
that increase. I have quoted his language merely to show how 
even learned men may not understand the reasons for a mathe- 
matical formula, and yet may be able to work correctly by such 
formula. 

I have now finished what I proposed to say of the followers of 
Laplace in their advocacy of the nebular theory. A very few 
words are necessary about the great master himself. All that he 
wrote, that I am aware, of the nebular theory, I have carefully copied 
in Appendix V. of " The Origin of the Stars." On p. 381-2 
he speaks of the conservation of areas, but derives no benefit from 
the application of that doctrine to his grand theory, except that in 
the contraction of the sim there must be an increase of velocity of 
rotation, whether angular or linear he does not say, and perhaps 
he did not think. But he did not prove, what is absolutely essen- 
tial to prove, how this velocity of rotation could become great 
enough to afibrd a centrifugal equal to the centripetal force. He 
saw well enough that these two forces must be equal for the aban- 
donment of an equatorial ring ; but how to make them equal by 
simple contraction, or whether that was really possible, he did not 
show. Hence after announcing his splendid theory, one of the 
very grandest achievements of the human mind, he closes with 
these rather melancholy words : "' This origin of the arrangements 
of the planetary system I offer with that distrust which every 
thing ought to inspire which is not the result of observation or 
ccUculationP In this condition the nebular theory lay for about 
seventy years, and of this Professor D. Eirkwood, LL.D., of the 
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TTiiiTeTBity of Indiana, is one of the best judges. In " SiUiman's 
Jonmal,'' Vol. XXX., p. 161, his language is as follows : "' Cogent 
arguments, it is true, were adduced by Laplace and Pontecoulant 
in &yor of the nebular hypothesis, but very little has since been 
accomplished tending either to invalidate or conjSrm it." 

My own discoveries have at length placed the nebular theory on 
a firm mathematical foundation. The chief of them are these : 
1st. That gravity must necessarily and unavoidably produce rota^ 
tion as well as rotimdity in all nebulsB. 2d. That gravity may in- 
crease that rotation so rapidly as to afford a centrifugal equal to 
the centripetal force. 3d. That in nearly all nebulae forming solar 
and planetary systems, rotation must begin on the surface, and 
hence must be retarded by the unrotating or slowly rotating 
interior. This retardation accounts for a vast number of most 
important stellar phenomena. Nothing in my calculations 6pposes 
the doctrine of equal areas swept by the radius vector in equal 
times. K the nebula forming our solar system, and extending at 
first half way to the nearest fixed star, had originally a rotation 
velocity of only the one-third of a mile per hour, then its radius 
vector would have swept over an area equal to that of Mercury, 
whose orbital velocity is 110,000 miles per hour. 

In speaking above of Laplace I should have added that he not 
only said nothing about the precise velocity of nebular rotation, 
bat he gave no cause whatever for the origin of that rotation. 



5. CosMOooNY. By L. Bradley, of Jersey City, N. J. 

The nebular hypothesis of creation, as suggested by Laplace, 
has, with some modifications, been a favorite theory with me for 
many years, and one by which I have been able to account for the 
phenomena of nature more satisfactorily to my own mind than by 
any other. This theory, as I accept it, implies the assumption of 
certain fundamental truths and laws, which have been well estab- 
lished by modem science, and have ceased to be hypotheses ; viz. : 

MaTTBB AlVD FOBOB 

are everlasting and indestructible. There is no annihilation or 
new creation. The question whether there are ultimate, indivisi- 
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ble cUoms^ or whether matter is infinitely attenuable, is as yet 
unsettled. Mayer says: "We dp not know whether atoms 
exist. An atom cannot be made an object of our investigation." 

Ether 

pervades and fills all space, and the interstices bf all ponderable 
matter. It is an inscrutable, mysterious principle ; a spirit or an 
entity, «n, by^ or from which is developed M force; all the phe- 
nomena of NATURE : gravitation, heat, light, electricity, polarity, 
magnetism, chemical affinity, vitality, mechanical action,— in short, 
all kinds of energy, force, or motion. All the apparently distinct 
forces are afiections of matter, and are convertible one into another : 
there is perfect correlation among them. A force exerted in one 
form at this moment may, in a day or a minute, be observed in 
one, two, or ten other modes of force ; or it may be stored up and 
conserved for future development and future use. 

According to Dr. Faraday, a single drop of water contains 
chemical relation sufficient to develop a powerful flash of light- 
ning. A single pound of coal contains a conservation of force 
sufficient to raise many tons a foot in height. To be more exact, 
Rumford has demonstrated that the perfect combustion of one 
pound of carbon develops the force of 11,120,000 foot-pounds. 

Every force has its correlative counter force. Every positive 
has its negative. Action and reaction are absolutely equal through- 
out all nature. 

All the modifications of force consist in varied forms of undu- 
lation of ether, or of matter, somewhat as sound consists in undula- 
tion of matter. 

If this theory be true as to light, heat, and electricity, which is 
now well established, why not as to all the other affections of mat- 
ter into which, and from which, they are all convertible ? 

All matter is susceptible of three modes of existence, — the 
solid, the liquid, and the gaseous or nebtUoics^ — and the several 
transformations are efl*ected by heat and cold. Only 180^ Fahr. are 
sufficient to resolve solid water into nebula ; 702°, mercury ; solid 
zinc frises at 773°, and evaporates at less than 1000°. A few thou- 
sand degrees are sufficient to resolve all the component matters of 
the earth's crust into nebula. I have entertained the hypothesis 
that matter may be resolved into a fourth state, infinitely attenu- 
ated and constituting the universal ether. This must preclude the 
notion of ultimate atoms, and must suppose an extended attenua- 
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tion of the individual molecules of nebula, and that in this state 
they become a homogeneous, and an almost non-resisting medium. 
A plausible argument in &yor of this is based upon the fact that 
no physicist has ever yet been able to produce a perfect vacuum ; 
in the Torricellian vacuum, at the top of the barometer, the space 
IB filled with the vapor of mercury. The tendency of all matter 
to attenuate when all pressure is removed is well known. Why 
may not this, then, constitute the rationale of the Universal Ether ^ 
and admit the supposition that all space is filled with matter in 
some form ? 

The telescope brings to our view matter in every visible state, — 
the highly attenuated nebula, nucleated nebula, and the perfect 
star. 

Thb Solab Stbtbm was oncb ▲ Nbbuli.. 

How came it so? 

By the patient and indefiitigable researches of Herschel, Strove, 
Peters, Maedler, and others (Bessel having first led the way), we 
are invested with the knowledge that the sun, in company with the 
other masses of the Milky Way, are all in motion, and that they 
are all moving in nearly the same direction. 

Combining the profound researches of Argelander, Strove, and 
Peters, we are now able to pronounce the following wonderful 
results : — 

The sun, attended by his planets, satellites, and comets, is 
sweeping through space, towards the star ^r, in the constellation 
of Hercules, with a velocity of 33,350,000 miles per annum. It is 
further demonstrated that we are all in the course of a great astral 
revolution, the centre of which M. Maedler has shown to be in the 
bright star Alcyone, near the centre of the beautifiil little cluster, 
the Pleiades. This fitct has been confirmed by others. 

To give some idea of the vastness of the scale on which this 
great structure is erected, I will give a few figures : — 

The star fr, in Hercules, being a star of the third magnitude, is 
at suoh a distance firom us, that its light in coming at the rate of 
12,000,000 miles per minute requires forty-five years. It will take 
then 8,516,294 years for the sun to reach the point in space where 
that star now resides. 

light to come firom Alcyone at the great astral centre, which is a 
star of the fourth magnitude, requires about sixty-five years, — 
34^87,400 minutes. This multiplied by 12,000,000, the distance 
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which light travels per minute, gives 410,248,800,000,000 of miles, 
and this divided by 33,350,000, the distance passed over by the sun 
in a year, gives 12,301,000 years for the sun to move that distance ; 
and this is only the radius vector of the great orbit of the sun, 
which we may multiply by six for the time required to perform a 
single revolution, which is 73,806,000 of years. Should it be demon- 
strated, however, that this great orbit is a very eccentric one, and 
that the sun is now in aphelion, or more properly aphalcyony and 
moving at a slow rate of speed, then the estimated time of 
revolution would be much reduced, — say to 30,000,000 years. 
Even these figures are enough to astound the imagination. But 
. we must lay aside our childish modes of thinking, and learn to 
view Nature as she is, in both the infinite and the infinitesimoL 
How strangely the foregoing figures contrast with the following: 
In bringing the microscope to our aid, it is said that a single grain 
of the polishing powder tripoli presents to our astonished view 
2,000,000 of the skeletons of once living beings, and that each 
filament of the spider's web, of which it would take 36,000 to 
make the tl^ickness of a thread of common sewing silk, is composed 
of 6,000 finer filaments which were secreted by 6,000 perfect glands. 

I ask now, would it not be reasonable to suppose that the sun 
might, somewhere in the course of his great astral round, find him- 
self in a region of cold, a grecU astrcU winter^ where all would be 
chilled and congealed; and then, in the course of a few millions of 
years, reach a climate more mild, a great astral summery in which 
a temperature many degrees higher than that required here to 
gasify all matter might be found, and where all would again be 
resolved into nebula? 

Is not this in harmony with Nature's laws as we see them dis- 
played everywhere? 

When I commenced to write this paper, I supposed that I was 
the first to conceive this idea of an astral winter and summer, but 
I have since found in an essay on heat by Grove, a paragraph in 
which he says : ^ It is quite conceivable that the whole solar system 
may pass through portions of space having different temperatures, 
as was suggested, I believe, by Poisson ; that, as w^ have a terres- 
trial summer and winter, so there may be a solar or systematic 
summer and winter, in which case the heat lost during the latter 
period might be restored during the former." 

I do not grieve at my privation of the honor of being the first 
to conceive so grand an idea; but am rather pleased to know that 
I was inspii*ed to think as great men had thought. 
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This great astral summer having resolved our sun and his 
attendant planets, satellites, and comets mto a nebula, let us trace 
the operation of the well-known laws and forces hj which he 
would be restored to his present condition. 

To be rational, an hypothesis in physical science can admit noth- 
ing supernatural : all the phenomena pertaining to it must be in 
harmony with itself, and with Natures lawSj the laws of the great 
first cause, — God. 

As the Nebular Theory is understood by some, it is taught that 
all the matter of the universe was once in a nebulous condition, 
infinitely attenuated, and uniformly difiused throughout infinite 
space. I do not so accept the theory. It appears to me that there 
would not be heat enough to maintain all matter in a condition 
so attenuated ; or if there were, whence could the heat radiate, so 
as to admit of contraction by gravity, and where would be the 
centre of gravity, or many centres, as we see now ? 

I prefer to assume that 

MOTIOH 

is a principle as universal and eternal as maUer B,ni farce; that it 
always has been, as we now see it, the universal order of Nature. 

Orove says, and I think truly : ** Of absolute rest Nature gives us 
no evidence. All matter, as far as we can ascertain, is ever in 
motion, not merely in masses, as with the planets and spheres, but 
also molecularly, or throughout its most intimate structure ; thus 
every alteration of temperature produces a molecular change 
throughout the whole substance, heated or cooled." 

All matter, both organic and inorganic, is moving in obedience 
to and under control of a most beautiful and harmonious code. All 
is changmg, revolving, disappearing, and reappearing in the most 
fimdful order, and such, I think, has been the rule of things firom 
eternity. The matter of the solar system has alternated between 
nebula and solid, perhaps, millions of times, and all the visible stars 
and nebulae have, each in its turn, done the same ; but they were 
never all in the same condition at one and the same time. 

The question now arises. Whence the extreme heat and intense 
cold of those great smnmers and winters? 

If our hypothesis of a fourth state, or mode of aggregation of 
matter, and of its infinite attenuation, constituting the Universal 
Ether, be admitted, it follows that ether itself, like matter in the 
solid, liquid, or gaseous state, is subject to the law of universal 
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gravitatioD, and is, therefore, ponderable in proportion to its den- 
sity, and its density must be inversely proportional to its distance 
from surrounding centres of gravity ; and yet its density at all 
points must be such as to entirely fill the interstellar spaces. 

Ether, then, is an elastic fluid, — a positive, substantial entity^ — 
and, as Tyndall properly says, ^ it makes the universe a whole, and 
renders the intercommunication between star and star possible." 

Admitting the wave theory of Hght and heat as we now do, we 
are struck with astonishment in contemplating the amount of heat 
force propagated by the undulation of ether from the sun to the 
earth, — a force sufficient to evaporate, and to elevate to the mean 
height of the clouds from the ocean, more than 2,000,000,000 tons 
of water in every minute of time. 

If the heavenly bodies are thus floating in ether, and if the ether 
is more or less dense, according as the number of bodies floating in 
it, in a given space, is greater or less, it would scarcely seem to 
require argument to convince one that if the mass constituting the 
solar system were, in the course of its revolution, to pass from a 
region of great rarity and intense cold, and plunge with accelerated 
velocity into a region of great ethereal density, where great num- 
bers of heavenly bodies are clustering in close proximity, and, per- 
haps, in a nebulous state, the impact alone would be sufficient to 
gasify and convert it into nebula, thus producing a great summer. 

We are not without evidence of the efiect of impact under dp- 
cnmstances quite similar. Witness the meteor which we may see 
on any clear night : at first, a solid substance, but, on coming into 
our atmosphere, in a region high up, of extreme rarity and intense 
cold, it is first heated to flame, then gasified, and finally dissipated. 
Pressure by impact is probably, therefore, one important source 
of the heat incident to a great summer. How many and what 
others there may be, we do not know. 

Now let us suppose our solar nebula, of some 10,000,000,000 of 
miles in diameter (this b probably not more than the truth, for 
the orbit of Neptune is near 7,000,000,000), balanced in space, just 
at the point of maximum heat where the contracting force of groHh 
itaiion and the expansive force of hecU are balanced. We may 
now suppose its mass, in itself to be in a state of quiescence; the 
heat which it radiates, and that which it receives, are equal; it is 
neither contracting nor expanding. But such a state can continue 
only for an instant ; the mass is moving in its orbit, and passing 
into a colder region ; it is now radiating fisMter than it receives; 
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gravitation is free to act, and the mass is contracting and falling 
toward a common centre. 

What may we now expect to see ? What do we see when a fluid, 
either elastic or non-elastic, is gathering toward a common centre ? 
What do we see in the common funnel when we fill it with liquid, 
and let the liquid flow through it? 

BOTATIOW ? 

Not necessarily so ; but the chances are vastly in favor of rota- 
tion, and when once commenced rotation increases with acceler- 
ating force. 

The effect of rotation is to incline matter to separate and go ofi 
in a tangential direction, as we see the particles flying off from the 
rapidly rotating wheel; but gravitation restrains this tangential 
tendency, and holds the matter to its rotation, and the force be- 
comes only a centrifugal force, counteracting and opposing the cen- 
tripetal force of gravitation. 

The centrifugal force increasing, an equatorial belt swells out ; 
the poles are depressed, and the mass becomes an oblate sphere. 

CONDBNSATION 

from cooling now supervenes, and renders the exterior equatorial 
matter less mobile or more viscid ; and this also tends to counteract 
gravitation, and, the specific gravity being increased, centrifugal 
force is still more increased, and, finally, in a portion of the equa- 
torial protruding belt, the centripetal and cerUr^^al forces become 
equal, and being thus equal and perfectly balanced, it ceases to fall 
and stops in the form of a ring; but its revolving tendency is not 
interrupted. 

The interior mass, being now relieved from its exterior encum- 
brance, is more volatile, and goes on falling as before, until, in 
obedience to the same laws, another ring detaches itself; then 
another, and another, till the sun has finally settled down to its 
present dimension of 883,000 miles in diameter. 

Returning now to the first ring, we find that it has been gradu- 
ally but constantly radiating its heat, and contracting ; and that on 
one side, fix>m some unknown cause, it has separated, and the 
annular mass, under the infiuence of its own interior gravitation, 
has, without the least shock or disturbance, gathered itself together 
in its grand orbit, in which it is still moving, with the same velocity 
and at the same distance firom the prime centre as when it firat 
separated. 
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The same laws were operative in the separation and formation 
of satellites as of primaries. An interesting fact in support of our 
theory is, that two of the ofi-shoots from Saturn still maintain 
their status as rings; no defect in their integrity having admitted 
of rupture. 

After Jupiter had been segregated, it seems reasonable to sup- 
pose that the remaining primary mass might have been in some 
way unusually perturbed, so that the succeeding ring had many 
weak points, admitting of its breaking and forming many 
asteroids. 

The mode of cometary segregation is different jfrom that we 
have been considering ; the tangential force, aided by heat, being 
the principal agent, which, modified by gravitation, gives the 
comets their extended and extremely elliptical orbits. 

Cometary matter may have been thrown o£^ either from the 
prime solar mass, the primaries, the secondaries, or even from 
comets themselves. 

The orbits of all the planets are elliptical, and those of the 
comets exceedingly so. The sun is always in one of the foci 
of the orbit, and the movement when in perihelion is more rapid 
than when in aphelion. 




According to Kepler, the radius vector of an orbit describes 
equal areas in equal times. If we suppose the areas of S and Sy 
in the figure, to be equal, the body will move from a to d in the 
same time as from cto d. 

One comet has been observed to occupy but two hours in passr 
ing from node to node, a distance of 1,500,000 miles; with so rapid 
a movement and so quick a curve as that, would, not a portion of 
matter be very likely to go off upon a tangent? 

May we not suppose that possibly there may be some little 
comet performing its round every few years, which gives off a little 
spray at every perihelion passage, frimishing us with those brilliant 
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meteoric displays, from time to time, of which so much has heen 
said and written ? 

It has been objected to the Nebular Theory that it fails to 
accomit for the eccentric movements of Herschel and Neptune, and 
the movements of Herschel's moons. 

It seems to me that this may be explained on the supposition 
that the prime nebular mass was not a round and perfect sphere, 
but was irregular in its contour, eccentric and irregularly ovoid, and 
that this may account for the apparent irregularities as well as for 
the eccentricity of all the planetary orbs. 

That finite minds cannot fully comprehend the modus operandi 
of some of the heavenly bodies is no good reason for rejecting a 
theory which accounts so beautifully for so many of the physical 
phenomena, and for still clinging to old hypotheses which account 
for nothing without doing violence to the principles of modem 
science. 

Wiser heads riiay yet, and very soon, account rationally for what 
now seems mysterious. 

The admirable and rational doctrine of correlation, conserva- 
tion, and conversion of forces, before aUuded to, must not be over^ 
looked, and ours is the only theory that can harmonize with it and 
carry us back to a consistent beginning of the present ordd^. 

Some better and more rational theory than has ever yet been 
sought out must be offered before we can yield up this. 

We find strong support in the remarkable relation which exists 
in the times, distances, and movements of the planets, showing a 
complete fiunily relation among them. 

I will give a simple rule, derived from a discovery of Bode, by 
which any one, for himself can determine, nearly, the distance from 
the sun, and the time of revolution, of any primary planet. 

For distance of planets from the sun add four to each of the fol- 
lowing geometrical series of numbers: — 3 — 6 — 12 — 24 — 
48 — 96 — 192 — 384, — and we have the following numbers to 
represent the proportional distances of the several planets : — 



Ven. 


Btfth. 


ftbua. 


Ait's 


.Jnpt. 


Sat. 


H«n. 


7 


10 


16 


28 


62 


100 


196 



Nept. 



888 



Then we proceed by the following proportion, — 10 : the earth's 
distance [95,000,000 miles] :: the number for any other planet : its 
distance in miles. 



56 



A. MATHEMATICS, PHT8ICS, AIO) OHBMIBTBT. 



The first line following gives the distances as computed by this 
rule ; and the second, as given by astronomers, in round numbers, 
in millions of miles : — 



Msro. 


Van. 


Barth. 


Man. 


ABt*S. 


Jnpt. 


Sat. 


Han. 


Napt. 


88 
87 


66.6 
68 


96 
96 


162 
142 


266 


494 
490 


960 
900 


1.862 
1.800 


3.686 



For time of revolution, Eepler has demonstrated that ^Hhe 
squares of the times of revolution are to each other as the 
cubes of their mean distances." I need but state the law to give 
the rule. 

It would seem by this that Mercury is the last planet that can 
be thrown off. 

Let us now direct our attention to the sun and his sources of heat 
Condensation always develops heat. The falling together of matter 
produces heat. The matter of our solar system which has not gone 
to form planets, satellites, comets, or meteorites, has fidlen into the 
domain of the sun; and the jnatter which has fallen, as well as that 
upon which it has fallen, has become heated by the concussion and 
pressure (impact). But these are not the only sources of heat to 
the sun. As the molecules of matter have approached each other, 
they have slowly and gradually come within the sphere of chemi- 
cal attraction, whose action, in combining chemically the elements 
of matter, is by far the greatest source of free heat of any and all 
others combined. This fact may be illustrated in many ways. 
Witness the burning of gas, and combustion of all kinds. Ob- 
serve the combination of oxygen with a few grains of magne- 
sium on heating. It is one of the lightest metals, yet its chemical 
relations are such as to develop intense light and heat in burning. 
In this we have true solar light and heat, which has been carefully 
conserved, stored up, and handed down to us for our present amuse- 
ment and instruction. It was once a part of the sun ; it is now an 
integral of the earth, and the earth was once an integral of the 
sun. 

It was a favorite idea of Mr. George Stephenson that the light 
which we nightly obtain from burning coal, or other friel, was a 
reproduction of that which had, at one time, been absorbed by 
vegetable substances from the sun. 

Under the operation of the laws and forces before mentioned. 
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the san has become, as we see it, a molten mass of incandescent 
matter, glowing with intense light and heat. 

Let us examine it. 

The telescope brings it near, and we discover that its disc is 
not uniformly bright. There are scattered upon it smltll dark spots, 
which are in a state of continual change; and again there are large 
black spots, surrounded by penumbrsB, which are gradually shaded 
down from the black central part to the white light. They change 
from day to day, and even from hour to hour. They break up or 
contract, and finally disappear. They show all the signs of 
mobility, characteristic of masses floating in a molten liquid, and 
of melting and passing away. The spots are confined to a zone 
extending 30^ each side of the equator, and they seldom continue 
longer than five or six weeks. They appear to occupy deep cavi- 
ties in an incandescent gaseous or semi-gaseous envelope, or cover- 
ing of a molten sea, and their penumbrsB indicate what we might 
expect from currents converging and flowing in from the hot gase- 
ous atmosphere over the dark cavity. 

There are sometimes seen peculiarly marked lines, brighter than 
other parts of the surface, which are curved or deviate in branches. 
These are apparently immense waves on the solar sea, and seem to 
give evidence of disturbing causes there as well as here, producing 
winds, waves, currents, &c., only on a much larger scale. 

As to what these spots really are many fancifrd notions have 
been broached: 

One is that they are the dark solid body of the sun itself laid 
bare to our view through openings in its luminous atmosphere. 
Lalande suggests that eminences, in the nature of mountains, are 
laid bare and project above the luminous ocean, appearing black 
above it. How he supposed these cold mountains got covered 
again, in the course of five or six weeks, we are left to conjecture. 

This hypothesis of a cold sun, with a luminous atmosphere, is 
quite in keeping with that other hypothesis which is based on the 
assumption of a cold opaque sun, invested with a luminous or 
phosphorescent atmosphere, whose rays, in passing through our 
atmosphere, become heated by friction. 

All such notions of a cold sun and cold sunbeams, bringing to us 
no other genial heat than what they get by friction in our atmos- 
phere, are, in my estimation, quite too chilling. To credit them 
would be to prostrate the beautiful doctrine of conservation of 
force and wndulaJlion of ethery so well taught by modem science, 

A. A. A. B. VOL. XIX. 8 
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and 80 generally received by modem philosophers. Where coold 
reside the conserved force necessary to endovF an imponderable ray 
with the genial and vivifying heat of the sunbeam ? Not in the 
atmosphere ; certainly not in the ray. It is inconsistent with all 
our present knowledge of force. 

It may not be out of place here for me to suggest an hypothesis 
in regard to the sun's spots. 

When earthy matter, in a molten state, cools by radiation and 
crystallizes, it is lighter than the molten mass, and consequently 
floats upon it ; but when the crystalline mass cools it contracts, be- 
comes heavier, and tends to sink. 

After contemplating the peculiar appearances, motions, and evo- 
lutions of the sun's spots, may we not conclude that it is possible, 
nay probable, that they are the manifestation of an effort on the 
part of nature, under the operation of well-known laws, at solar 
incrustation ? 

May not a mass, commencing to crystallize, extend its borders 
and increase upon its under surface, the upper portion at the same 
time cooling more and more, until the increasing specific gravity, 
aided by the buffetings of waves and currents, i^auses it to be sub- 
merged, and to melt and disappear? 

If the sun is approaching a great astral winter, as we have sug- 
gested, it seems reasonable to suppose that the spots will increase, 
and that, in less perhaps than a million of years, they may so accu- 
mulate as finally to coalesce and form a solid crust like that of the 
earth. Then the "god of day** will cease to shine, and will be 
counted among the lost stars. 

Now, according to the views which I have ventured, herein 
to submit, the idea of a once universal chaos, from which all 
bodies appertaining to cosmic nature were created or evolved, is 
discarded, and that of the eternity of matter and motion is 
maintained. It is contended that all has ever been revolving, 
alternating, and changing in forms, and has never presented less 
of universal heterogeneity than at present. 

This, it seems to me, is in accord with the great doctrine of the 
present century, viz., that of the Correlation and Persistence of 
Force, and is entirely consistent with the attributes of an Infinite, 
Eternal, Omnipotent, and Omnipresent Gk>D. 
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6. Description op a New Foem op Mebcueial Horizon in 
WHICH Vibrations are speedily Extinguished. By J. 
Homer Lane, of Washington, D. C. 

In the operations of the Office of Weights and Measures oc5ca- 
sion has arisen for the use of the coUimating mercurial horizon. 
This is not the place to report upon the special use to be made of 
it in this Office ; but an improvement has been made in the mercu- 
rial horizon itself which is likely to prove valuable for the purposes 
of practical astronomy. At the united request, therefore, of the 
Superintendent and Assistant Superintendent of the Office of 
Weights and Measures, I here communicate a description of it for 
the American Association. 

The improvement consists simply in reducing the depth of mer- 
cury in the trough to a very small quantity. This extinguishes the 
oscillations or waves which otherwise, upon the slightest causes, 
disturb the reflection when the horizon is used with a telescope. 

The least depth with which pure mercury wiU overflow a hori 
zontal non-metallic plane surface is a little over one-eighth of an 
inch. I^ however, the mercurial lake be left of this full depth at 
and near its boundary, with room for the capillary curve, then, in- 
side this encircling space, the bottom of the trough may rise as 
near as we please to the level sur&ce of the liquid. The first 
trough which we have tried on this plan is the only one that has 
been used prior to this current week of the present meeting of the 
Assodation. It was a wooden trough, formed in the lathe, with a 
horizontal circular plane or plateau, of six inches diameter, on a 
level something like one-sixth of an inch higher than the bottom 
of the deepest part of 'a margin of two inches wide all around it. 
The deepest part of this depressed margin was in the middle of 
its width, the object of the gentle slope so produced both on the 
inner and outer side being to soften the. horizontal shocks which 
may be communicated to the mercury. But I think this is of little 
importance or value, since the capillary boundary will still be the 
origin of ripples produced by vertical shocks. The ripples of the 
suT&ce of a mass of mercury produced by tremors are observed in 
fact to have their origin mainly at the borders; and this is the 
reason why the central flat plateau of the trough was made so 
large as six inches in diameter, while the clear aperture of the 
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telescope collimated over it was only from two to two and one-half 
inches in diameter. 

In preparing the horizon the trough was first set very nearly hori- 
zontal by a spirit-level. A sufficient quantity of mercury was then 
poured in to overflow the whole bottom of the trough, at least 
with the aid of a little displacement. The large excess of mer- 
cury was then drawn off through a small hole which had b^en 
made at the deepest part of the deepened margin, and closed by a 
little plug. The mercury was allowed to flow until the level of 
its surface sank to the indication of a gauge laid across the top of 
the trough, leaving a very thin layer only on the plateau. The 
effect of this artifice in curing the disturbance produced by tremors 
was charming and complete. 

But to secure this effect care must be taken that the depth of 
mercury on the plateau be reduced sufficiently. It is quite sur- 
prising to notice how small a depth is still sufficient to transmit 
across the plateau the little ripples that mar the sharpness of the 
reflection. I made no determination of the thickness used, but I 
think one-hundredth of an inch is small enough. It is easy, by 
gentle taps upon the trough as the mercury flows of^ to notice 
when the ripples, with the diminishing depth, begin to grow slug- 
gish, and when the point is reached at which they quickly die out 
on the plateau. Although the depth is so small when this effect is 
thoroughly secured, it yet very greatly transcends the thickness of 
a mere bubble or film of capillarity, and therefore there is no room 
to anticipate that the surface of the plateau will have any influence 
upon the horizontality of the upper surface of the mercury. In 
point of fact the horizon above described has been under the sever- 
est telescopic test, and yet the irregularities of the plateau were 
not sufficiently copied by the mercurial surface to mar the defini- 
tion of the object-glass. To the same purpose I will state that on 
one occasion the trough was tilted slightly by pressure made on 
one side of it with a staff. Momentarily the mercurial sur&ce 
tilted with the plateau, by a large quantity as seen in the telescope ; 
but the changed inclination of the plateau being maintained by 
continuance of the pressure, the mercurial surface soon settled 
upon the inclined plateau into its original position of horizontality, 
any difference being at all events quite insensible in this imperfect 
experiment. We shall now, however, have opportunity to put this 
question to a more rigorous test with a cast-iron trough, which 
has just been completed, and which, by the kindness of Professor 
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Hilgard, I am permitted to submit, through him, to the inspection 
of the Association. 

This iron trough has » circular plateau of about six inches in 
diameter. The deepened margin around the plateau increases the 
diameter to six and one-half inches. This deepened margin, at its 
outer boundary, is extended downward all around in a very narrow 
annular passage to the depth of three-fourths of an inch below 
the level of the plateau, where it opens horizontally outwards into 
an annular reservoir, one-half inch wide, which surrounds the pla- 
teau, and rises a fraction of an inch above it. This annular reser- 
voir is closed air-tight above, but is provided with a screw-valve to 
control the passage of air. When this screw-valve is opened, and 
air forced in through a flexible tube with the mouth or otherwise, 
the mercury in the annular reservoir is forced through the annular 
passage and flows over the plateau, and is suflicient in quantity to 
flood it throughout. The continuity of surface over the plateau 
having been secured, the mercury is allowed to flow back into the 
annular reservoir; and the whole quantity of mercury may be 
adjusted so as to settle to the depth that is desired on the plateau. 
The rapidity of this return flow of the mercury may be controlled 
by checking the escape of air through the screw-valve. Should 
any accident cause the breaking of the film of mercury, the 
arrangement here described afibrds the means of its convenient 
and speedy renewal. The film will never break except by acci- 
dent. 

The screw-valve can also be used to suspend the return flow 
until the trough, which is furnished with levelling-screws, can be 
levelled by the surface of the mercury. Three steel points brought 
down upon the surface aflbrd the means at once of levelling the 
trough, and of measuring the thickness of the film of mercury on 
the plateau. 
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O 

n. OPTICS. 

1. On Dispebsion, and the Possibility^^oe Attaining Peb^ 
FECT Achbomatism. By Edwabd C. Pickebing, of Boston, 
Mass. 

When spectra are obtained with prisms of different materials, 
we find that the colors are unequally dispersed, one giving greater 
prominence to the red, another to the blue. Accordingly if we ^ 
attempt to neutralize the effect of one by another, or to obtain 
achromatism, we always find that a certain amount of color re- 
mains, forming the residuary or secondary spectrum. Let us see 
what are the conditions, in order that this may disappear. Let 
a ^ a' be the angles of the two prisms, n, n' the indices of refrac- 
tion for any ray, and 2>, i> the corresponding deviations. When 
the angles are small we have 

i> = (n— 1) «, i)' = (k'— 1) «', 

or the deviation of both prisms 

D" = D— D' = {n—1) a — (n' — 1) «'. 

Now Cauchy has shown that/t&e index of refraction of a ray of 
wave-length X is represented by the formula 

Substituting in the above formula, we have, 
2>" = (^ +1 +^^+ cfcc.- 1) « - (^'+ 1 + g + «fcc - 1) «' 

= (^ - 1) « - (^' - 1) «' + ?fiir^-H£fi^_«'+ dc^ 

and our condition is, that this shall be the same for all values of L 
By the rule for simultaneous equations all the co-efficients of X must 
equal zero, or 

The recent researches of Van der Willingen and others show 
that the succeeding terms may be neglected. Our last equation 

may be written in the form ^= ^ > and we therefore see that, if we 

can find two substances in which this ratio shall be the same, by 
combining them we shall obtain perfect achromatism, provided the 
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angles of the prisms are in the ratio of B* to B, There is, how- 
ever, one exception to this rule, for if 

(^ — 1) B'— {A'—l) B = or^ = ^'^y""^, 

4he valae of B" becomes 0, and there is achromatism, but no de- 
viation. 

If we attempt to apply these principles to the measurements of 
Dale and Gladstone, or even to those of Fraunhofer, we find that 
the errors of observations are so great that but little reliance can 
be placed on the results. We find, however, that ^ for water, 

other liquids of small refirangibility, and crown-glass, is very small, 
and generally negative ; of flint glass, it is considerable and posi- 
tive; while with bisulphide of carbon, phosphorus, &c^ it is 
positive and very large. The recent measurements of Van der 
Willingen afibrd data for more accurate calculation. . In the fol- 
lowing table the index of refiraction is given by the formula 

X b6ing given in millionths of a millimetre. The first five instances 
show the effect of adding sulphuric acid to water. The next three 
are measurements of distilled water, two by Van der Willingen, 
thm third by Fraunhofer, and show ^ow uncertain these constants 
still are. The last three relate to more refrangible substances^ 



Substuiee. 


A 


B 


C 


c 

B 


Distilled Water 


1.828142 


86.01 


— 48)8 


—1.85 


HO, SO. 23.29 


1860940 


40.70 


—88.8 


—2.18 


47.22 


1.880046 


46.74 


—128.0 


—2.69 


71.97 


1.411199 


49.71 


—162.0 


—8.06 


94.72 


1.419576 


46.04 


—116.1 


—2.68 


DistiUed Water, V. d. W. 


1.328228 


86.30 


—62.6 


—1.49 


it it tt 


1.328002 


86.44 


—67.6 


—1.80 


F. 


1.828612 


86.70 


—66.1 


—1.86 


FUnt Glass « 


1.714602 


108.70 


+666.2 


+6.12 


Hydrate Cinnamyl 


1.676448 


90.67 . 


+2074.0 


--22.90 
+10.67 


Essence Anise 


1.619746 


78.68 


+778.6 



. If we had values of - corresponding to all known transparent 

substanceS} we could at once determine which would be most suit- 
able for a lens ; it would, however, evidently be easy to select some 

substance as crown-glass, measure ~ for it, and then prepare a 
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liquid as a mixture of sulphuric acid and water of exactly the 
right dispersion. The lens might be made of two disks of glass 
with the intervening space filled with the liquid. It is claimed 
that in this way the great defect in the achromatic lens may be 
remedied. Spherical aberration might be avoided mechanically, 
if lenses could easily be ground to ellipsoids or hyperboloids ; but 
the removal of chromatic aberration, which is inherent in the 
nature of the substances used, has heretofore been generally con- 
sidered impossible. 



2. On Methods op Illustrating Optical Meteobologt, pab- 

TICULAELY THE FORMATION OF HaLOS AND CORONuE, ACCORD- 
ING TO THE Theory op Bravais. By Joseph Lovering, 
of Cambridge, Mass. 

Optical Meteorology has been developed mathematically with 
greater success than any other department of this complex science. 
The principal features of a fully developed halo are : 1. The inner 
circle, concentric with the luminary, and having a radius of about 
22°. 2. The outer circle, also concentric with the luminary, and 
having a radius of about 46^. Both of these circles, called the 
smaller and larger halos, are tinged with the colors of the spectrum, 
the blue being the outermost color. 3. The parhelion circle which 
passes through the luminary and is parallel to the horizon. This 
circle is white. 4. Upon this circle, and at a distance of 22° or 
more from the luminary, are two mock suns, the edge toward the 
sun being reddish and the opposite edge bluish. 5. A sort of tail 
stretching from these mock suns horizontally, and opposite to the 
line which connects them with the sun, to the distance of 43° 28' 
^ or more from the sun. 6. The tangent curve to the inner halo. 
7. The tangent curve to the outer halo. 

All these features of the halo are satisfactorily explained by 
refraction and reflection, produced by hexagonal prisms of ice, 
floating or sinking in the higher regions of the atmosphere. These 
particles may be so situated as to present three independent cases. 
1. They may be indiscriminately in all possible positions, 2. The 
axes of the prisms may be parallel and vertical, the sides of 
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the prisms &oing all azimnths. 8. The axes of the prisms may be 
horizontal, bat in all possible azimuths. The^r^^ case would exist 
when the particles of ice were newly formed, and had not accu- 
mulated so much velocity that the resistance of the air would 
bring the surface of least resistance to the front. If the three 
dimensions of the crystal were nearly the same, there would be no 
surface of least resistance, and the air would exercise no directing 
influence. The second case would arise, as the consequence of 
increasing velocity and resistance, if the mtnirmifn section of the 
prism were parallel to the base. The third case would arise under 
similar circumstances if the minimum section were perpendicular to 
the base. All three cases might coexist at the same moment, 
because some of the prisms were long and others short, and because 
some of the prisms had had less time than others to fall and accu- 
mulate velocity and resistance, since their first formation. 

Of the various angles formed by the sides and ends of these 
prisms, some would exceed the limit of transmission, others would 
be zero, and produce no refraction. There would remain of the 
available angles, those of 60^ made by alternate &ces, and those of 
90^ made by the sides and ends of the prisms. The inner halo is 
caused by refraction through an angle of 60% the refracting edges 
being parallel to the tangents to different parts of the halo. The 
outer halo is caused by refraction through an angle of 90% the re- 
fracting edges of different prisms being psurallel to different tangents. 
Both halos require that the prisms should be scattered at random, 
so that a sufficient number would be found in the required positions. 
The white parhelion circle is produced by reflection from the sides of 
the prisms when their axes are vertical. These same prisms, acting 
through the angle of 60% would produce the mock suns whenever 
they stood in the position of minimum deviation, while others, 
not in the position of minimum deviation, would produce the 
colored appendages to the mock suns. These same prisms, act- 
ing through the angle of 90% would cause the tangent curve to 
the larger halo of 46^ If the luminary were above the horizon, 
reflection from the upper end of these prisms would produce an 
uncolored image of the luminary underneath the real luminary ; 
but this image would not be visible unless the observer were 
elevated to a great height above the sur&ce of the earth. If the 
luminary were a little below the horizon, reflection from the lower 
end of these prisms would produce a similar image above the lumi- 
nary and above the horizon, which would be visible ; and hence the 
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Inminary might appear to have risen again after setting. When 
the axes of the prisms are horizontal, refraction by the angle of 60° 
woold cause the tangent curve to the inner halo of 22*^. If laige 
numbers of prisms were floating contemporaneously in all three 
positions, all these phenomena might coexist ; otherwise only a 
portion of these various features would be displayed. It is evi^ 
dent, therefore, that both halos might be wanting, and yet one or 
both of the curves which are tangent to them might appear. If 
the tangent curve to the larger halo of 46*' is seen, generally the 
mock suns and the parhelion circle are also seen, even in the ab- 
sence of the halo itself In other words, all which vertical prisms 
are capable of producing would generally, though not necessarily, 
be seen at the same time. 

These general features are somewhat changed by the altitude of 
the sun or other luminary above the horizon. When the sun is in 
the horizon, the parhelia are at the same distance from it as the 
inner halo, and rest upon it. As the sun rises, they go outside of 
the halo and become impossible when the altitude of the sun 
exceeds 60^ 45'. The lengths of the tails affixed to the mock suns 
increase as the sun rises, until the limiting angle of transmission 
is reached. There is an inferior as well as a superior tangent are 
to the halo of 22"^. Their figures are complex, and they join in a 
single curve circumscribing the halo itself when the altitude of the 
sun exceeds 29^ 15'. The inferior arc is rarely visible, unless the 
sun is more than 22' high. The halo of 46 is less bright than that 
of 22**, because it is larger and broader ; and more light is reflected 
by the prisms under the larger incidences. The tangent curve to 
this halo is a circular arc having the zenith for its centre. It can-» 
not be formed if the sun's altitude exceed 82° 12'. The semi-* 
amplitude increases from 57^ 48' to 90"^. But when it is 90^, its 
height is also 90^, and its radius is reduced to zero. The maxi- 
mum brightnees is in the middle of the whole arc. This arc actu- 
ally touches the halo of 46^ only when the altitude of the sun is 
22^^ 8'. It sensibly touches between the altitudes of 15^ and 28^. 
If the sun were in the horizon, the tangent arc would be 12^ 4' 
above the summit of the halo. K the sun were 30^ high, the tan- 
gent aro would be 8^ 39' above the halo. The altitude of 22"^ 8' is 
most &vorable, because, in this case, the middle of the arc is formed 
by rays which have suflTered a minimum deviation. A tangent arc 
to the lowermost point of this halo is not impossible, but rare. In 
this event, the light must enter a vertical face and emexge at the 
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base. The limits of altitade are oomplementary to those which 
the superior tangent requires; that is, the snn's altitude must be 
between 57^ 48' and 90^, the arc actually touching the halo at the 
special altitude of 67^ 52'. If the axes of the prisms are shifted 
from a vertical to a horizontal position, the inferior and superior 
tangent arcs are changed to what are called tn/W^4a^a/ and «uj9ra- 
iaienU. 

I have taken renewed interest in this theory of halos, which has 
been admirably developed by Bravais,* on account of the halo seen 
at Cambridge, January 6, 1870. This halo was seen about two 
o'clock, when the altitude of the sun was not far from 25<'« The 
principal feature of the phenomenon, on that occasion, was the tan- 
gent curve to the halo of 46% though the halo itself was not visible. 
At Waltham the mock suns were seen, but not the tangent curve. 
The tangent curve seemed to be a complete circle, and the colors 
were very vivid, the red being the outermost color, or nearest to 
the sun. I have stated that, theoretically, the maasimitm amplitude 
of this curve is 180% and, if the sun had an altitude of 25^, 
the amplitude would be only about 138^. The history of halos 
famishes but few examples of this extraordinary occurrence, — a 
complete circnmzenithal circle. On the 24th January, 1838, Lam- 
bert t Baw at Wetzler a circle, nearly complete, centred about the 
senith, with vivid prismatic colors. On the 11th July, 1749, An- 
deron t witnessed at Norwich, about five o'clock, p. id., when the 
■on was nearly 25^ high,a tMito circle around the zenith. Bravais 
resorts to two expedients for explaining the enlargement of the 
circumzenithal arc into a complete circle, in a few rare cases. In 
the first place, the light may strike the vertical side of the prism 
too obliquely to be transmitted, so that, after being once or twice 
reflected upon other vertical sides, it may emerge from sides oppo- 
nte to the usual ones. In the second place, each point of the arc 
ori^nally produced causes a parhelion circUy all of which are 
superimposed upon the arc itself, as far as it extends. This last 
operation, however, would produce light without any discoloration. 
In the halo seen at Cambridge, the centre of the circle was de- 
cidedly south of the zenith* This fact requires us to suppose that 
the parallel axes of the prisms were not exactly vertical. A cur- 
rent in the atmosphere might change the direction of the descend- 

* Joum. de L'^cole Polytechnique. Cahier 81. Tome xviiL 
t Pogg. Aan. Fk^sik nnd Chemie, xlvi. p. 660. 
X Phil. Traiu. zlri. p. 208. 
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ing particles of ice ; bat could the lateral modon, vfith the air, and 
not in it, develop any new resistance which would direct their axes 
away from the zenitli ? 

I wiU now exhibit an experiment with an equilateral triangular 
prism of glass, and also a hollow one filled with water. The axiB 
is vertical, about which it is made to revolve rapidly by clock- 
work. With a single prism, and sunlight or any bright and circu- 
lar artificial light, all those features of the halo may be artificially 
produced which have been referred to the action of many prisms 
of ice, with vertical axes ; the single prism, in its motion, asstun* 
ing, in rapid succession, all the possible positions of these many 
prisms in the atmosphere. The halos themselves can be produced 
artificially, either by a cooical prism, or by artificial crystals formed 
upon a plate of glass, as shown by Brewster* and others.t 

The sun and moon are sometimes encircled by what are called 
coronsB. A corona may be distinguished from a halo in many ways : 
1. It is much smaller even than the smallest of the two halos, 2. 
It is not rigidly bound to almost invariable dimensions as the halo 
is. 3. When it is bright enough for the colors to be distinguished, 
the red is outside and the blue inside. 4. This arrangement of the 
colors, as well as the dimension of the circle, indicate that ooronffi 
are not produced by refraction or reflection in crystals of ice, but 
by interference. The following experiments which I shall now 
exhibit to the members of the Association will illustrate this subject. 
When light is sent through the intervals between lines which have 
been nicely ruled upon glass, a series of colored fringes, parallel to the 
lines, result from the interference between rays which pass through 
different openings. If the glass were ruled with concentric circu- 
lar lines, close together, these colored bands would become circular, 
and surround the source of light. By a rapid rotation of 
straight lines in their own plane, subjective rings result from the 
parallel fringes. In order to produce the required rotation without 
a material axis, which would intercept the rays of light from the 
eye of the observer, a platform is turned rapidly by clock-work. 
The border of this platform is covered with doth. The circular 
frame in which the graduated glass is set rests upon this dotji, 
with its plane at right angles to the platform, and is rotated by 
friction. Friction-rollers at the sides and top hold it in its place 
in the absence of any material axis of rotation. If concentric 

•A Treatiie on Optics. Amer. edit. 1886, pp. 282, 288. 
t Amer. Jour. xri. 898. 
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black ciroles are accurately drawn npon paper, and then photo- 
graphed npon glass, on a greatly reduced scale, the photographed 
plate might be substituted for that on which the luies had been 
scratched. Again, if a plate of glass is covered with india-ink, and 
then concentric circles are scratched upon the black surface, leav- 
ing the intermediate black rings, the same optical experiment can 
be performed. All four of these methods have been tried, but the 
finest and neatest circles were obtained by the last method ; and 
the experimental result is very beautifiil, especially if the ruled 
glass is placed immediately in front of the object-end of an opera^ 
glass. 

Although artificial coronsB of great beauty can be produced in 
this way, it is obvious that the coron» of nature must have a much 
simpler origin. And theory shows, that if lycopodium powder, 
the particles of which are smaU and spherical, and of uniform size, 
is sprinkled upon glass, a luminous spot, seen through the glass, will 
be surrounded with several coronie, which, if less bright than those 
produced by the concentric rulings, on that very account have a 
greater resemblance to those in Meteorology. It appears that, in 
this indiscriminate sprinkling, myriads of minute openings are left 
everywhere on the plate, enough being found in the required 
places for producing the colored rings. Of these the light takes 
advantage for developing a symmetrical effect, just as in the forma- 
tion of the rainbow it selects those individual drops of moisture 
which serve its purpose, while the remainder of the drops are 
inoperative. A piece of very delicately ground glass accomplishes 
the same result. In the atmosphere the place of the lycopodium 
powder is filled by the particles of moisture existing in the vesicular 
state ; and the smaller these particles the larger will be the diame- 
ters of the coronfiB which they produce. In this way these par- 
ticles are proved to vary between the .001 and the .002 of one 
inch in diameter.* 

Corona indicate the presence of the cumtdua cloud ; but halos 
imply the cirrus doud, floating at great heights, and within the 
region of perpetual congelation. For halos are seen even in the 
summer and in the tropics. By revealing the incipient gathering of 
the drms cloud, they may foretell the approach of a coming storm. 

* Kaemtz's Complete Course of Meteorology, p. 111. 
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m. ACOUSTICS. 

On a New Musical Notation. By Samuel D. Tillman, of 

Jersey City, N. J. 

Symbols are the necessary outgrowth of systematic conceptiona, 
therefore a notation may be a true index of progress. In Acous- 
tics, and other branches of Natural Philosophy, the Ancients 
made but small advance for the want of correct measuring 
instruments. How much they accomplished in music is not now 
known, since they have left no record of musical conceptioxiA. 
The Greeks advanced so far as to denote differences in the pitch o£ 
musical sounds by alphabetical and other characters, and to arrange 
these sounds in different orders which were designated as modes, bat 
they had no symbols to denote duration, rest, rhythm, or dynam- 
ics. Their music was chiefly vocal, and, being learned by rote, 
was liable to undergo many changes. Strings and pipes were tuned 
to their different modes, and were used as accompaniments to the 
voice. The Muses of Epic and Erotic poetry were represented by 
the ancients as holding musical instruments. Sappho, Anacreon, 
and Pindar sung their own compositions. Their performances 
may have resembled chanting, but, more probably, they were of 
that semi-musical character now called Recitative. 

Music, as a fine art, had its origin in the Christian Church. In the 
sixth century Pope Gregory first recognized the &ct that the I>iBn 
tonic scale consisted of seven sounds ; and, as the extension of this 
scale, either upward or downward, gave sounds similar to the first 
series, he determined to designate the series by the first seven let- 
ters of the alphabet, commencing at the tonic in the minor mode, 
and to apply the same letters, slightly modified in form, to each 
similar series of higher or lower sounds. No further improvement 
in musical notation was made until Guido Aretinus, of Tuscany, 
early in the thirteenth century, introduced the solfeggio, and the 
staff of five lines, on the ^aces and lines of which he made dots, 
upward and downward, to denote sounds of higher and lower 
pitch. These dots were afterwards so modified as to express the 
length or duration of the sounds. Various other improvements 
were subsequently added, and after the lapse of several centuries a 
complete system of harmony and counterpoint was introduced, and 
the notation then embraced all the characters now used. In the 
mean time the rates of vibration producing sounds of different 
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pitch were fonnd to have fixed mathematical relations, and the 
laws of harmony became an important branch of Acoustics. 

The complications in this present notation arise from two 
causes : 1st. In order to dispense with the use of leger-lines it 
was fonnd essential to introduce three clefs, represented by dis- 
torted Gk>thic letters, which respectively defined the position on the 
staff of the sounds known as jF, (7, and Q^ and consequently 
the position of the other sounds' of the Diatonic Scale. As the 
deft may be used on any line or space of the staf^ it follows that 
the signs belonging to the Diatonic Scale could have seven differ- 
ent interpretations, although in common practice they have only 
three. 2d. A change of the tonic from A^ in the minor mode, or 
C, in the major mode, of the so-called natural key, to any other 
position, involves the use of other sounds, which are represented 
by placing the sign of a sharp or flat before either note of the 
natural key, thus indicating that such note is to be raised or low- 
ered in pitch about a semitone. As the seven different positions 
given to the sounds of the Diatonic Scale may be virtually changed 
to two other positions by means of flats and sharps, the whole 
number of different interpretations would amount to twenty-one. 
In most of the printed music now used, only two clefii are found, 
and these respectively give F and O but one position, so that the 
dififerent interpretations conmionly applied to the same note on the 
staff amount to four. 

Although thi. compUcated system enables the mnsicUn to sing 
or play oorrectiy, it does not always indicate with absolute accu- 
racy the true pitch of the note represented. This point may be 
illustrated by a single example. In the key of (7, the first interval 
— that is, from CtoD — is approximately measured by nine com- 
mas; and the next interval, from 2> to ^ by eight commas. If 
the tonic is changed fix>m (7 to 2>, the next sound above it must be 
nine commas more acute than D ; yet we see that in the first key 
used, the true E was only eight commas more acute than D ; 
therefore, this sound, E^ does not belong to the series of true 
sounds used in the key of J9. The two sounds known as ^ in 
these two keys, differing in pitch about one comma, are represented 
in the notation as identical. In true modulation, much greater dif- 
ferences arise, which cannot be indicated by the common music- 
signs, but which the vocalist or violinist, by the ear alone, is able 
to render correctiy. True intonation can only be given by instru- 
ments of the violin and trombone classes, to a limited extent by 
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the enharmonic organ, and by the human voioe. The harp, piano, 
organ, melodeon, and all hand instruments operated by keys, are 
necessarily constructed according to a tempered system of intona- 
tion, by which a sound is so modified in pitch that it may be sub- 
stituted for the true sounds belonging to the different tonics, and 
thus twelve sounds compose the tempered chromatic scale of each 
septave. 

This admirable tempered system has greatly simplified the exe- 
cution of difficult musical compositions, and enables a single per- 
former to render several parts simultaneously on instruments like 
the piano and organ. 

The query naturally arises, Cannot the notation be adapted to 
this tempered system used on all keyed instruments, and simplified 
by abolishing cle&, flats, and sharps ? Several attempts have been 
made to accomplish this object. Among the first was that by the 
celebrated Jean Jacques Rousseau, who, in 1742, read a paper 
before the Academy of Science at Paris, "' On proposed new signs 
for music." His system, with some modifications, has been revived 
within a few years past ; and, it is said, was successfully taught to 
vocalists in the Paris (Conservatory of Music, under the direction 
of the distinguished composer, Auber. The peculiar feature of 
that system is the use of the figures, long employed to denote 
chords, in place of notes on a staff. Three serious objections may 
be raised against it : 1st. It introduces the old defective counting 
by using the numeral 8 to denote the eighth sound in an upward 
progression on the Diatonic Scale, which sound is the first note of 
another series. 2d. It does not provide for modulations. 8d. It 
gives no fixed idea of pitchy since each sound is only known and 
distinguished by its relation to the tonic. 

Assuming that it would be highly advantageous to employ sym- 
bols of sound exactly adapted to the tempered system of intona- 
tion used on all keyed instruments, I now present the following 
plan. It is based on the new method of distinguishing and mea- 
suring musical intervals laid by me before this Association at a 
previous meeting, in which the upward progress of the pitch of 
musical sounds is represented by a spiral projection, each ring 
measuring a septave, so that a radius vector cutting them would 
show the position of the same note in each septave ; thus obviating 
the difiiculty met with in measuring the seven intervals of the 
Diatonic Scale on a right line, which requires the addition of a 
superfluous note. 
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In representing the intervals of the septave, as used in the tem- 
pered system^ one ring of the spiral is made a circle for conveni- 
ence, and divided into twelve equal parts. These measure a 
tempered semitone interval, and may properly be termed the 
twelve grades of pitch belonging to one septave. They are num- 
bered like a watch-dial, so that every person who carries a watch 
has at command a Chromatic Scale. The numerals 12, 2, 4, 5, 7, 
9, 11, correspond with (7, 2>, £J^ F^ &, A, J9, of the Diatonic Scale, 
and designate the seven white keys of the piano^ while 1, 3, 6, 8, 
10, denote the five black keys. As the natural key, or the tonic of 
(7, is not employed more than other tonics, it seems essential not 
to give the sounds belonging to that key more prominence than 
other sounds ; accordingly, in this system, all the notes are num- 
bered by figures of the same size. By this method no allusion to 
flats and sharps is necessary. The notes belonging to any tonic 
are found by a very simple rule ; namely, when the tonic is an 
even number the next two notes are even numbers, and the remain- 
ing four notes are odd numbers; 9ixkdi vice verea : when the tonic 
is an odd number the next two notes are odd, and the remaining 
four even. A single example will show the comparative simplicity 
of the new method. To the question, What are the notes belong- 
ing to the key of By or the signature of five sharps ? the answer, 
by the old system, is jS, C sharp, D sharp, Ey F sharp, Q sharp, 
A sharp. By the new system, 11, 1, 3, 4, 6, 8, 10. 

In devising symbols for this system, I have given each the same 
prominence ; and they are derived from the graduated circle in this 
way: A square is drawn so as to include the circle; and by 
m.aking three projections on each of the four sides of the square, 
twelve projections are formed, which are signs of the twelve notes 
of the tempered Chromatic Scale. The note C7, or 12, being 
represented by the centre projection, on the upper side of the 
square, the other projections pointed out by the moving mmute- 
hand of a watch, represent in regular order the remaining notes of 
a scale. When one sound is denoted, only one projection is used 
on the square ; but more may be added to show the chords belong- 
ing to that sound. In printed music these squares will be from an 
eighth to a sixteenth of an inch in size. 

The duration of sound, or the length of a given note, is measured 
by means of the same square, as follows : A square having four 
thick or full-faced sides is a sign for a semibreve, measuring four 
beats. A square with two thick sides is a minim, measuring two 
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beats. A square with one thick side is a crotchet, measoring one 
beat. A square with four thin sides is a quaver. The same square, 
with a vertical line through the centre, is a semiquaver ; and the 
latter square, with a horizontal line added, is a quarto-quaver. A 
square with thin sides, having a diagonal line through it, b an octo- 
quaver ; and this sign, with another diagonal line crossing the first, 
is a semi-octo-quaver, known in conmion parlance as a hemi*hemi- 
demi-semiquaver. 

When either of these symbols of duration is used without a 
projection, it denotes rest, and measures a like interval of silence. 

If the sounds to be indicated are all in the same septave, the 
symbols are placed in the same right line ; sounds in the next sep- 
tave above are indicated by raising the symbol just above, and 
sounds in the septave below, by placing the s3anbol just below the 
general line. The square denoting the middle septave is known 
as unmarked, and that denoting the next septave above has beneath 
it a single horizontal line; that for two septaves above has two 
lines beneath it : and thus each septave above is indicated by an 
additional line beneath the square. In like manner the septaves 
below the middle (7, or 12, are respectively indicated by placing 
lines above the square. However, to denote the actual pitch of 
any sound, the 12 of the middle septave, commonly known as the 
middle 6\ is produced by 622 vibrations in a second, according to 
the new French Standard of pitch ; and the same sound in each 
septave downward is made by halving the vibrations respectively, 
and those above by doubling the vibrations for each (7, or 12. It 
is evident that by this arrangement — each grade being modified for 
more grave and acute sounds — and by the use of the sirene, the 
highest and lowest sounds perceptible to the human ear can be 
indicated and measured. To denote the pitch of every note of the 
different true scales which may be used, it would be better to dis- 
pense with such expressions as JS double fiat, J^flat grave, G sharp 
acute, etc., and use a system which will at once show the absolute 
pitch, and its relations to the tempered system of intonation. • It 
is true that a division of a septave into 363 parts would be required 
for absolute exactness ; but we can adopt the division of the ordi- 
nary watch dial into twelve parts, or grades, also sixty smaller parts 
or conmias, so as to express the relations of the isotonic tempered 
system, and the true system, and give the exact measure required ; 
since we may assign to these finer divisions an exact vahie^ so that 
10, 9, 6, 10, 9, 10, 6, will indicate the trae major and minor tones 
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and the so-called semitone, — the sum of these intervals being 
equal to sixty. Thus the true J^, in the natural key, being one 
division less from the tonic than the tempered Ey or 4, might be 
denoted in figures by i4 ; one division greater than 4 being 4'. 

Any of the old symbols which can be printed in one right line 
may be used with the new, for denoting any modifications of sound. 
In some cases, other well-known signs may be substituted ; as, 
for instance, in place of the old sign placed above two notes, called 
a slur, or tie, the ordinary hyphen may be employed to indicate the 
blending of two sounds. 

The new symbols are to be used like ordinary type, so that music 
may be set up and printed with greater rapidity than by any 
of the present methods. Great economy of space is secured by 
the new system. An ordinary piece for the piano could be 
embraced in a single page, thus relieving the performer from the 
duty of turning over leaves when the hand should be otherwise 
occupied. The brevity of the plan proposed is such that printed 
music could be added to each hymn of the ordinary Hymn-Book, 
without materially increasing its size. However, economy of space 
and convenience of use are matters of inferior consideration, when 
compared with the great object to be accomplished ; which is, to 
atrip from written music every sign not essential to the use of 
instruments having only twelve keys for each septave, and to make 
the new signs as easily understood as is the actual method of using 
the instrument ; so that we shall no longer hear of playing and 
singing by rote among those whose musical gifls would be greatly 
enhanced if unhampered by useless musical signs. 

The author proposes no crusade against the old system. It is 
thoroughly established, and millions of doUars are now invested in 
music-books, and in metallic plates from which music is printed. 
Still, in this age of progress, we should not be true to ourselves if 
we did not make known what we regard to be ^ the better way ^ 
for accomplishing a desirable end, leaving its actual merits and 
importance to be determined by the unerring tests of time and 
experience. 
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IV. ELECTRICITY. 

1. Abstbact of a Rbseabch on a Simple Method of Measub^ 
iNo Electbical Conductivities by means of two equal 

AND OPPOSED MAGNETO-ELECTEIC CUBBENTS OB WAVES. By 

Alfbed M. Mayeb, of Soath Bethlehem, Penn. 
Gbmbbal Dbscriftion of thb Mbtbod. 

A MAGNET is firmly supported in a horizontal position, with a 
portion of its length projecting beyond a fixed stop. Over this 
free end of the magnet, and resting against the stop, are placed 
two similar flat spirals, formed of the same quality of copper wire, 
and having the turns of one spiral in a direction the reverse of 
those of the other. The spirals are clamped together, and their 
four terminal wires are carried vertically downwards into four 
separate cavities containing mercury, and these mercury-cups are so 
connected with a reflecting galvanometer that, when the spirals 
are together slid off the magnet, the two equal electric currents, 
thus generated, simultaneously tend to traverse the galvanometer 
in opposite directions, and therefore its needle remains stationary. 
If we now introduce into the circuit of one of the spirals a resist- 
ance equal to that introduced into the circuit of the other, the 
needle will still remain at rest when the spirals are slipped off the 
magnet ; but, if the resistance placed in one circuit is greater or less 
than that placed in the other, there will be a deflection of the gal- 
vanometer needles when the spirals are removed. Thus, by intro- 
ducing wires of different metals into the circuits, we can readily 
determine their relative conductivities by making them of such 
lengths that their resistances are equal; which condition is attained 
when, on sliding off the spirals, the needle remains absolutely at 
rest. I^ in the latter case, the wires have equal diameters, then 
their conductivities are directly, and their resistances are inversely, 
as their lengths. 

A modification of the above method has been devised, in which 
the magnet is replaced by the terrestrial magnetic force, and the 
spirals and the wires by two similar coils, from two to three feet 
in diameter, formed of the two wires whose conductivities are to 
be compared. These coils contain equal lengths of the same sized 
wires and the same number of turns ; the direction of the turns 
being opposed in the two coils. The coils having been bound 
together are placed in a plane at right angles to the line of ^ the 
dip," and the four terminal wires are so connected with the reflecting 
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galvanometer that the two induced currents tend to traverse it 
in opposite directions. The coils are now quickly rotated through 
180° around an axis at right angles to the line of the dip, and if 
the wires present equal resistances the needle remains at rest; if it 
is deflected, the direction and the amount of the deflection show 
which coil has the lesser resistance, and aflbrd a means of estimat- 
ing the same. 

Dbscbiftion of thb Appabatub. 

The magnet was composed of three bars separated from each 
other by slips of wood .2 inch thick. Each bar was .27 inch 
thick and .9 inch wide. The middle bar was 10.4 inches long, 
and projected .25 inch beyond the two side-bars. The force of 
this magnet was equal to sustaining the weight of 1.5 lb. placed 
on the end of the middle magnet. 

The tpircUs were formed of the best selected Lake Superior cop- 
per wire, 1^ inch in diameter, and " double covered.** Each spiral 
contained one hundred and seventy-six inches of wire coiled in 
twenty turns, and the terminals were 15.5 inches long, thus making 
two hundred and seven inches of wire in each spiral. The exterior 
diameter of the spirals was 8.9 inches with a central opening of 1.7 
inches. 

The spirals were formed in this manner. An iron plate Ay 
which screws on to the mandrel of a lathe, has cemented on to its 
face a disc of hardwood ft, 1.7 inches in diameter and .1 inch thick. 
Prom the centre of the plate A 
projects a screw e which enters the 
wooden disc JS at e'. When the 
plate £ is screwed home, the disc 
b fits into the cavity ft', and the 
plates A and S are separated to a 
distance a little greater than the 
diameter of the covered wire, 
while the disc ft forms a cylinder between them on which to wrap 
the spiral. The end of the wire to be coiled is passed through a 
hole d in the plate JB^ which is then screwed home on to A. The 
lathe is then turned so that the wire is coiled over the centre disc 
from Atob. After the space between the plates is filled with coils, 
the free end of the wire is secured and the plate JB unscrewed, 
while the wire slides through d, and the coil is not unwrapped ; 
which would have taken place if it had been coiled in the direction 
from ft to A The spiral is now saturated with very fluid paraffine, 
and has cemented on to it, with a hot chisel, a paper disc previ- 
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oubIj saturated with paraffine. The spiral is now removed, the 
covered side placed against the disc, and its other sur&ce treated 
in the same manner. The spiral is then taken off the chuck, and 
on holding it up to the light the copper wire is distinctly seen 
through the translucent covering of the wire, and the paraffined 
paper cover of the spiral. The terminals are now led radially from 
the spirals, and are tightly bound together as described above. To 
still further strengthen the spirals, both they and their terminals 
are covered with a firm layer of shellac varnish. 

The galvanometer was formed of a coil containing two layers of 
twenty-two turns each, of ^ inch copper wire. The needles were 
1.65 inches long, and distant from each other .6 inch. They were at- 
tached to a thin glass mirror, 1.2 inches square, which was suspended 
by a few fibres of unspun silk. These needles were so astatic that 
they made exactly 4^ simple vibrations in one minute. 

The telescope and scale with which the deflections of the needles 
were determined were placed at a distance of 2.285 metres from the 
mirror, so that a deflection of 1^ of the mirror caused 8 centime- 
tres of the scale to move over the thread of the telescope, find as 
I could read ofi* to 1 »»•»». of the scale, it fi^Uows that a deflec- 
tion of 45" of the mirror could be mea- 
sured. 

Under the magnet, which was placed 
near the telescope, was a block of wood 
having four holes one inch in diameter, and 
one inch deep, containing mercury. Into 
these four cavities dip the four termi- 
nals of the spirals, and the standard wire 
used as a unit of resistance is placed in 
the circuit of one spiral, and the wire 
whose resistance is to be determined is 
placed in the circuit of the other. The 
length of this last wire can be altered 
readily, so that its resistance can be made 
equal to the unit of comparison. The two 
terminals of the galvanometer are so con- 
nected with these two circuits that the two 
induced currents, produced on sliding off 
the spirals from the magnet, tend to trav- 
erse the galvanometer coil in opposite 
directions. 
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EZAMPLBS OF THE DSTXRHUIATION OF EuSCTRICAL CONDUCTITITIKS. 

K the two spirals were exactly similar in form and equal in the 
resistances they presented, yet they would not be equal in action 
on the galvanometer-needle when they are slid off the magnet ; 
for one of the spirals is further on the magnet than th^ other, and 
therefore cuts more ^' lines of magnetic force," and also the two 
spirals simultaneously pass oyer portions of the magnetic lines dif- 
ferent in strength, therefore the rear spiral will have a stronger 
electric current induced in it than the front one. To balance the 
spirals a certain length of wire is introduced into the circuit of 
the rear spiral, so that when they are together slid off the magnet 
the needle remains at rest. 

The above condition having been attained, I introduced into the 
circuit of one of the spirals one hundred and twenty inches of No. 
18 "' hard drawn " silver wire, which I supposed to be free from all 
alloy, and found that I had to introduce a length of one hundred 
and twentynseven inches of similar pure copper wire into the other 
circuit, in order that the needle should remain at rest when the 
spirals were slipped off the magnet. Therefore, the resistance of 
one hundred and twenty-seven inches of the copper equals that of 
one hundred and twenty of the silver wire, and taking the copper 
as one hundred in conductivity we have 

127 : 120 :: 100 : 94.48 

Matthiessen * makes the ratio of the conductivity of silver to cop- 
per — both "hard drawn" — as 100 : 99.95, or nearly equal; but 
in my determination the silver is 5.5 per cent below the copper. 
I therefore suspected impurities in the silver, and an examination 
of the wire, kindly made by my colleague. Dr. Wetherill, showed 
that the silver contained about .01 per cent of gold and a trace of 
iron. This accounts for the low number found for the silver, and 
affords a beautiful illustration of PouiUet's remark, that the purity 
of a metal is most readily determined by a measure of its electrical 
conductivity. The electrical test of purity, however, far exceeds 
in delicacy the chemical examination ; for a very minute percent^ 
age of alloy causes a great increase of resistance. If we could be 
sure that the wires we compared were in the same physical condi- 
tions as to annealing or hardness, we could probably use this method 
as a means of determining the percentage of a knoion metal which 
formed the alloy. 

• FhU. TraDB. 1858, 1862. 



80 A. MATHEMATICS, PHYSICS, AND CHEMISTBT. 

Pouillet * has shown that silver whose conductivity is one hundred 
when pure is only fifty-one when it contains .037 of alloy ; and is 
forty-seven, forty-two, and thirty-nine when it contains respectively 
.100, .143, and .253 of alloy* Pure gold gave thirty-nine, but .049 
of alloy reduced its conductivity to thirteen ; and Jenkin has found 
that an alloy of one part of silver and two of gold presents almost 
as much resistance as german-silver. 

The three following determinations were made of the conduc- 
tivity of the best quality of iron wire relatively to that of the 
standard copper wire : — 

(1). The resistance of 240 in. of copper wire = 36.7 in. of iron wire. 
(2). « « 111.6 « « = 16.16 " « 

(3). « « 60 « « = 8.67 " ** 

They give for the relative conductivity of iron : 



(1). 


240 


: 36.7 : 


: 100 ; 


; 15.29 


(2). 


111.6 : 


: 16.16 : 


: 100 : 


: 14.48 


(3). 


60 


: 8.67 : 


: 100 : 


; 1445 



14.74=: Mean. 
The copper and iron wires in (3) were cut off from the lengths 
used in (2) ; but the wires used in (1) were taken from parts of 
the coil removed from (2) and (3) : these facts account for the close 
agreement of (2) and (3), and the higher number obtained in (1). 
E. Becquerel f gives 13.6 for the conductivity of iron, copper 
being one hundred, and both wires ^ hard drawn," while Matthies- 
sen t determines 100 : 16.81 as the ratio of hard-drawn copper and 
iron. 

The mean of Becquerel and Matthiessen = 15.20 

Mayer = 1474 



Difference = .46 
Therefore it appears that my determination by means of the 
above method agrees closely with the mean of the measures of 
those distinguished experimentalists made by two different methods. 

The Dsorbb of Pbbcision of thb Mbthod. 

The degree of precision of this method, as applied with this 
special apparatus, was determined in the following manner. A 
copper wire, one hundred and twenty-three inches long, had opposed 

* Traits de Physique, 1866, Vol. I., p. 606. 
t Ann. de Ch. et de Phjs. lU., ztu. 266. 
X FhU. Trans. 1858, 1862. 
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to it a refflBtance which was about equal to one hundred and twenty 
inches of its length. The mean deflection produced in the needle 
of the galvanometer, under these circumstances, was carefully 
determined. The copper wire was now shortened one inch, and 
the deflection ag^n determined ; this was repeated, determining 
the amount of deflection produced by each diminution of one inch 
in length until six inches had been cut off. These experiments 
showed that a diminution or increase of resistance of t^tt^^ P^^ ^^ 
one of the wires will cause a deflection of 0.4 of a division of the 
scale, or of 3' of arc in the galvanometer-needle. But we have 
seen that ^th of a division can be read on the scale ; therefore, we 
can with this special apparatus detect and measure an increased or 
diminished resistance of ^i^^th part. As the galvanometer can 
be removed to even twice the distance at which we read its deflec- 
tions, I think I am safe in saying that with this method, as applied 
with the above apparatus, we can measure a difference of resistance 
in two conductors amounting to the ^i^th part, which is far within 
the variation observed in wires of the same lengths and diameters 
taken from the same specimen of wire. 

If a galvanometer formed of ten or twelve turns of ^^^th inch 
copper wire had been used in connection with a larger magnetic 
battery and spirals of ^th inch wire, while the galvanometer had 
been placed at a greater distance, I have no doubt that the degree 
of precision would have been equal to the measurement of t^js^^ 
part of variation in resistance. 
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V. PHYSICS OF THE GLOBE. 
1. AuBORA BoBEALis. By L. Bbadlby, of Jersey City, N. J. 

In treating the interesting and important subject of Aurora Bo- 
realis, I deem it necessary to premise by a general but brief 
examination of the phenomena, the causes and the effects of 
Atmospheric Electricity, in order that we may deduce, if possible, 
a rational theory of the essential nature of the aurora itself 

Atmospheric ^Electricity 

plays an important part in all atmospheric phenomena, either as a 
cause, a concomitant, or an effect : the formation of fog ; the &11 
of rain, and of snow ; in storms generally ; in lightning, and in 
many phenomena which do not possess the character of lightning. 

Under the name of Castor and Pollux, the ancients designated 
the bright light which, in stormy weather, sometimes invests the 
projecting angles and the metallic parts of bodies. 

Sailors tell us St. Elmos fires sometimes appear at the mast- 
heads and yard-arms of ships, which, in extreme cases, make a 
peculiar noise, similar to that of electricity when it escapes into 
the air under the influence of powerful tension. Cases are related 
in which soldiers and cavalry have seen fires shining on the points 
of their bayonets and swords. 

The spires of churches and other public buildings are sometimes 
enveloped in a similar manner. Most fi'equently these fires re- 
semble, more or less, the brush, as of electricity in motion, but it 
sometimes happens that the light is concentrated into small globes 
without any trace of diverging jets. These are, doubtless, of elec- 
tricity in the opposite direction or negative. But it is not only at 
the extremities of objects on the surface of the earth that luminous 
appearances are perceived in times of storms. Sometimes fog, 
rain, snow and hail are decidedly luminous ; but it is snow which 
most frequently presents this phenomenon, which is now taken as 
unquestionably due to electricity. The electric property of snow 
is so decided that atmospheric electrometers are sometimes power- 
fully charged during a &11. According to Beccaria, a cloud charged 
with snow diffused in all directions a reddish light, sufficiently 
intense to enable one to read books printed on ordinary type. 
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Frequently, people in the midst of a stonn . become foci of elec- 
tricity, which is not only manifested by a light, but by a particular 
whizzing noise. 

Brewster cites the case of two English travellers, who, surprised 
in their descent of Etna by a heavy fall of snow, accompanied by 
violent claps of thunder, heard a hissing noise every time they 
extended their arms into the air, and, on extending a finger and 
moving it through this snowy atmosphere in various directions, 
and with rapidity, they were able, at pleasure, to generate a great 
variety of musical sounds, the intensity of which was such that 
they were perfectly heard at the distance of several yards. I shall 
endeavor to show presently that Aurora Borealis is a phenomenon 
similar in its essential character to those above cited, and that all 
are due to what has been called Atmospheric Electricity. 

Causes of Atmospheric Electricity. 

Many hypotheses have been propounded to explain the origin of 
Atmospheric Electricity. 

Some have ascribed it to the friction of the air against the 
ground; some to the growth of plants, or to the evaporation of 
water; some have compared the earth to a vast voltaic pile ; others 
to a thermo-electric apparatus. Some of these causes, and perhaps 
all, may concur, in some degree, in producing the phenomenon. 
According to the theory of Peltier, " the electrical phenomena of 
the atmosphere are entirely due to the induction of the earth, 
which is primarily and constantly negative." 

It is difficult for me to conceive how the earth should be ren- 
dered thus constantly negative, unless there be some force con- 
stantly in operation, adequate to such disturbance of the electric 
equilibrium between the earth and its surrounding atmosphere. 
Do not the potent rays of the sun in their vaporizing effect consti- 
tute such a force? 

Pouillet and others have shown that no electricity is produced 
by the evaporation of distilled water ; but if an alkali or a salt is 
dissolved, even in small quantity, there is chemical disaggregation, 
and the vapor is positively, while the solution is negatively, electri- 
fied. The reverse is the case if the water contains acid. Yolta 
was the first to show that the evaporation of water produced 
electricity. Now, as the waters of the whole ocean hold salts in 
solution, Pouillet is disposed to see in this evaporation the source 
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of atmospheric electricity. De Saussure concurs with Yolta and 
Pouillet in this theory. 

I take it therefore as established, that the vapor of the atmos- 
phere, as a whole, is charged with positive, while the earth and 
ocean are charged with negative, electricity ; although the solid 
earth and the sea are, in some degree, in opposite electrical states, 
the sea being positive and the earth negative. It is also a fact, 
now well established, that the higher we ascend, the more highly 
positive is the tension. Becquerel and Peltier have demonstrated 
this most clearly. 

Quetelet, experimenting with a balloon and an electrometer, sat- 
isfied himself by a great number of observations that the electric 
intensity of the air increases proportionately to the height. I ven- 
ture, therefore, to suggest the probability that, if an insulated con- 
ducting wire were to be erected, having a ground connection in a 
valley, and connected with a large surface of wire gauze above 
the top of a neighboring mountain, so as to form a good atmos- 
pheric connection, a current would be, at most times, propagated 
through the wire, sufficiently intense to operate a Morse telegraph, 
and that the higher the mountain the more intense would be the 
current. The intensity will be variable, however, according to the 
hygrometric condition of the atmosphere. 

A positive cloud, too, coming near the upper portion of our tele- 
graph line, may change its electric condition by induction so as to 
neutralize the current, or even to cause it to flow in the opposite 
direction. 

Eoaporatioru 

According to the learned Dr. Buist, quoted by Lieut. M. F. 
Maury in his " Physical Geography of the Sea," p. 11, the average 
evaporation from the ocean equals about nine feet of water per 
annum ; i. e^ a stratum nine inches thick per month. This when 
evaporated would cause a stratum of steam, of 212^ Fahr. and 
under ordinary atmospheric pressure, forty-three feet in thickness 
per day to be formed and condensed. 

This, if I have figured correctly (supposing the sea to cover 
150,000,000 square miles, and a cubic foot of water to weigh sixty- 
two and one-half pounds), amounts to 2,157,463,500 tons to be 
evaporated per minute. This amount is difiused daily through the 
atmosphere. Now, if the smallest evolution of vapor from salt 
water gives an efiTect, appreciable by the electrometer, is it not 
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sarprismg that, in the formation and condensation of the immense 
amount shown by these figures, we do not encounter infinitely 
more of visible phenomena than we do ? 

We have now seen that the atmosphere is constantly charged 
with positive electricity furnished by the vapors that arise from the 
sea, and that the earth is negatively electrized* 

Tropical CkirrerUs, 

In the tropical regions, where the water is most salt, and evapo- 
ration most abundant, there is an upward current which carries the 
vapor to a great height, and then, setting out both north and 
south, constitutes tropical currents, which descend in proportion 
as they reach the higher latitudes. On reaching a region suffi- 
ciently cold, precipitation of snow, or of ice in some other form, 
takes place, in which electrical phenomena are almost sure to 
appear. Under the tropical currents are boreal and austral cur- 
rents on their way to take the place of the ascending heated air 
of the tropical region. 

The enormous amount of electrified vapors, rising high in the 
torrid zone, and then descending as they approach the poles, comes 
in contact with many conflicting conditions in the atmospheric 
strata which underlie them ; so that the neutralization of their posi- 
tive electricity is allowed to occur very differently at different 
times and places, and imder different circumstances. All these are 
comparatively local, and are variable according as they are over 
the ocean, the land, or fresh-water lakes, and according to varia- 
tions of temperature, and the different electrical conditions met 
with. In many regions of the temperate zones, vapors arise which 
are negative compared with those of the superincumbent tropical 
current. Hence arise the many meteorological phenomena in 
which atmospheric electricity plays so important a part, and in 
which we sometimes witness the most terrific consequences. 

iStorms. 

The violent phenomena with which we are most familiar are 
storms with rain, lightning, and hail. Every particle of cloud or 
fog is known to be positively electrified, and to exist in the form 
of a small spherical balloon in which a small pellicle of watef 
serves as an envelope to the interior air. This may be verified by 
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any one who will let some of the particles fall upon a slip of glass 
and submit them to" microscopic inspection. Now this covering of 
water possesses all the positive electricity which was distributed 
in the vapor which composed it. The size of these vesicular 
globes is maintained at the point of balance between the repul- 
sive force of the electricity and the cohesion of the water. 

When such globules, in infinite number, collect to form a cloud, 
we must not suppose that the cloud is, as it were, a conductor, all 
of whose electricity is at once transferred to the surface. On the 
contrary the globules preserve their insulation and their individual 
electricity, and do not part with it, except in a manner very slow, 
according as the intersticial air may be more or less conductive. 
In this way some of the electricity of the interior globules does 
slowly approach the surface of the cloud, thus enabling the glob- 
ules individually to contract and severally to coalesce, forming 
drops which fall, carrying their remaining electricity to the earth. 
Presently a high degree of tension is acquired at the surface of 
the cloud, near the negative earth, or near an adjacent cloud which 
has been rendered negative by induction ; and a discharge takes 
place in the form of a flash of lightning. This makes way for still 
further discharges from tl\je interior globules, and facilitates a more 
liberal formation of the rain drops. 

I have often observed the sudden increase in the torrents of rain 
conmiencing in a few seconds, and continuing for a few, after a 
heavy clap of thunder. One clap follows another and another : 
but such discharges never deprive the cloud of the whole of its 
electricity ; for, as soon as the excessive tension of the surface is so 
far reduced as to admit of the collapse of the little balloon, they 
commingle, form drops, and fall ; and in this way a large portion 
of the positive electricity of a cloud is carried silently to the earth. 
At every disruptive discharge a disaggregation of matter must 
occur, or no light can be evolved. In the case of every flash of 
lightning, a portion of the vapor of water is resolved into its ele- 
ments, oxygen and hydrogen. The oxygen unites with the free 
nitrogen of the air, and forms nitrous acid. The hydrogen unites 
also with the nitrogen to form anmionia. The nitrous acid and 
ammonia unite, forming nitrite of ammonia. This salt is dissolved 
in the rain drops ; is absorbed in the ground ; imbibed by the 
roots of plants ; then passed into other combinations by the leaves 
and other organs ; then it appears in the fruits ; is eaten by animals 
and men, thus aiding to form their bodies. In this we have one of 
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the many beautiful and mysterious agencies, employed by the 
great Supreme Intelligence, in the wonderful works of creation 
and providence. Ozone, too, is formed in every discharge, the 
importance of which, in the economy of nature, is not so well 
understood. 

The phenomena and effects of a common thunder-shower, as 
given above, are simple compared with those of many great storms. 
In order to understand the electric action and movements of 
clouds, we must be familiarized with the idea of the individtialities 
of the globules, and of the other constituents of which the clouds 
are composed. The globules are grouped into flakes, having their 
limits and their sphere of action like the globules themselves ; the 
flakes in grouping form mamillae ; these in their reunion form a 
cloudlet, and the cloudlets form definite clouds ; the grouping of 
deflnite clouds forms a cumulus, and several cumuli form a nimbus 
or rain cloud. By regarding in this manner the electric state of 
the clouds, which is in accordance with observation, we are enabled 
to comprehend their enormous power of attraction in some cases, 
and the other phenomena which they present. 

It is easy now to conceive how rain and snow are found to be 
charged with an electricity which they carry with them in their 
fall. Each drop or flake must possess the electricity which was 
possessed by the globules which formed it. We can see, also, how 
snow or other particles of ice in the atmosphere may, under cer- 
tain circumstances, become luminous. The electrometer some- 
times detects negative electricity in a cloud, and in rain, snow, 
and hail ; but M. Palmier and others now think that this is only an 
eflect of induction, and that no cloud can be intrinsically nega- 
tive. 

Every positively charged cloud must have a concentric region 
about it, which is made negative by induction, and it has happened 
that persons have been killed by lightning, or rather what is called 
a return shock, in a clear atmosphere, in consequence of such in- 
duction. This is a phenomenon easily explained. When a storm 
cloud is powerfully electrified positively, and a person is situated 
within its sphere of activity, he becomes powerfully charged by 
induction with negative electricity ; the natural electricity of the 
person being decomposed, and the positive repelled into the earth. 
Now, if the cloud is suddenly discharged by any means, and 
deprived of a large portion of its positive electricity, the natural 
electricity of the person is just as suddenly restored, and the shock 
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may be such on the nervous system as to destroy life, Brydon has 
related a remarkable case of this kind, in which a man named 
Lauder, who was driving a coal cart, was killed, together with his 
horses, when the stm was shining, and no rain was falling in the 
neighborhood; but a heavy clap was heard at the time by others 
from a cloud not far distant. 

Beside this phenomenon of return shock, there are lightnings of 
three distinct kinds : — 



Firsty — Zigzagy or Forked lAghJtning. 

These present themselves under the form of a thin trail of white 
light ; very defined ; sinuous in its course ; able to divide into two, 
and more rarely into three branches ; directing themselves gener- 
ally towards the earth, but frequently darting from one group of 
clouds to another. The clouds and the earth, or two oppositely 
electrified clouds, correspond to the coatings of a Leyden jar, and 
the intervening air to the glass of the jar; the thunder-storm is a 
charging and a discharging of a huge system of this kind. The 
zigzag and forked conditions are undoubtedly due to the resistance 
which the discharges encounter in the strata of air through which 
they pass. 

Second^ — Sheet lAghJbaing, 

Lightnings of this class present a light which, instead of being 
concentrated into lines without apparent breadth, embrace, on the 
contrary, immense surfaces. They have neither the whiteness 
nor the vivacity of forked lightnii^g; are more sluggish, occu- 
pying appreciable time in their discharges ; their tint is generally 
of intense red, though other colors sometimes prevail. Their 
bright light sometimes embraces the whole superficial extent 
of cloud, and even of a whole group of clouds ; at others, only 
part of a cloud, or the border ; it is frequently undulatory and 
flickering. The discharges appear to be interstitial, darting among 
the globules or ultimate vesicles of the cloud, which seem to serve 
a purpose in some way resembling the metallic particles of the 
spangled pane of the lecture room. Sometimes the discharges 
appear to be made among the larger individualities of the cloud, 
and are exhibited in great numbers of interior flashes and zigzag 
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flames of red light, following each other in almost continual suc- 
cession. 

The lightnings of this second class are the most numerons of 
any, and are especially interesting on the present occasion on ac- 
count of the analogy existing between their genesis and that of 
the Aurora Borealis. 

Silent flashes of lightning are frequently seen along a cloudless 
horizon, formerly called hecU lightnings. Since the establishment of 
the telegraph we learn that they are the lightnings of real storms ; 
so &r away as to be entirely below the plane of the horizon, and 
too fair off to be heard. 

Thirdj — jBoU lAghJtning, 

Lightnings of this class are much less numerous than those of 
any other, and are by far the most difficult of comprehension, hay- 
ing never been satisfactorily accounted for. They are veritable 
globes of Are, several inches in diameter, and are transported from 
the cloud to the earth with sufficient slowness to be distinctly fol- 
lowed by the eye, being visible for two or three and even for ten 
seconds. They sometimes divide and rebound upon the ground 
several times ; sometimes they burst, causing the detonation of 
heavy ordnance. They sometimes enter dwellings, bams, and out- 
houses, enveloping the whole building in flames in an instant. 
They seem to pay no regard to conductors, either good or bad. 

Qreai and Violent Storms. 

As to the causes, and the modes of generation of the great and 
violent storms, I will suppose a case, which, with modifications, 
may be taken as analogous to a majority of those which do occur. 

In the torrid zone, and during the hot seasons in the temperate 
zones, a sultry heat, with a tranquil and humid atmosphere, maybe 
taken as a precursor of storm. This may continue for days ; the 
power of evaporation being great, the air becomes mor^ humid, 
and, as Tyndall, Melloni, and others, have demonstrated, humidity 
is a powerful absorbent of heat ; it is, in a measure, opaque to the 
heating rays; it therefore absorbs largely the sun's rays, as well as 
the radiant and reflected heat from the earth. The more the air 
is heated the more its capacity for aqueous vapor is augmented, 
and the greater is the absorption of heat. 

A. A. A. 8. TOL. ZnC. 12 
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• 

But althongli yapor absorbs heat it radiates it also. Whence 
then can it radiate ? 

The lower stratum is superposed hj strata, which are saturated 
too ; it may, therefore, radiate into vapor, but the vapor radiates 
into it, also. The tendency, then, is for the air near the earth to 
retain its high degree of heat ; to become rarified, and to rise ; and 
from some quarter cooler air must come in to take its place. What 
then must occur in our ascending column of heated, humid air? 
For a time the radiation is intercepted, and, in great part, 
returned by the surrounding vapor; condensation, imder such 
circumstances, cannot take place. But the quantity of aqueous 
vapor naturally diminishes as we ascend; its tension dimin- 
ishes more rapidly than that of the air, and, at length, the 
humid stratum finds itself above the protection which had over- 
spread it, and in the presence of purer space, where it pours its 
heat into, and with but little retiim from, the interstellar ether. 
This free radiation into space, together with the chilling effect due 
to the expansion of the ascending air, affords ample physical cause 
for the condensation of vapor and the generation of clouds. Cu- 
muli are now formed, a stratum of which may extend over a large 
surface. Each visible cumulus forms the capital of an invisible pil- 
lar of saturated air. To take an extreme case, let us suppose that, 
the sky being now overcast, and the process of cooling going on 
more rapidly, another stratum is formed lower down than the first, 
and then another still lower. Cases are on record in which not less 
than three such strata have been distinctly observed. Now let it 
be remembered that each stratum, in its relation to those above or 
below, maintains its own independent insulation and electric indi- 
viduality, the same as do the several clouds, cloudlets, or globules, 
as mentioned before, and that several individualities, charged with 
like electricity, repel each other ; but no one can be so repelled as 
to impinge, unduly, on those beyond it; all are maintained in 
equUibrio in the mass, which, by their agglomeration, they help 
to compose. 

Now it must happen that all the individualities of every grade 
become, as it were, polarized, for the reason that, above them aU^ is 
an atmosphere, highly positive, and below them the earth, which is 
negative. The positive atmosphere induces negative electricity in 
the upper portion of the upper stratum, driving the positive into 
the lower portion, by which its normal tension is largely increased. 
This acts in the same manner upon the next stratum* below. The 
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negative earth, too, is acting to prodace the same effect upward. 
It induces positive tension in the lower portion of the lower stra- 
tam, and that in the lower portion of the next, and so on. 

Under such a system of actions and reactions among the several 
individualities between the negative earth and the upper positive 
atmosphere, the surface of the earth must become endowed with a 
negative tension very far beyond that which is natural or common, 
and the lower portion of the lower stratum must also acquire a 
positive tension far beyond what it could possibly attain, if it were 
not so largely reenforced by the strata above. 

They all act, like so many spans of horses, one before another, 
drawing in the same direction. The amount of lifting force, then, 
exerted by such a stupendous magnetic battery, which in some 
cases may act, nay, does act, upon a single square mile of earth, it 
is scarcely within the scope of the imagination to conceive : it can 
be estimated only by millions of tons. 

All loose substances, as well as trees, buildings, etc., are rendered 
powerfully negative, and are, therefore, repelled by the negative 
earth, while they are powerfully attracted by the superincumbent 
cumuli. Now we can see the rationale of those remarkable phe- 
nomena, the ras de mareey in which the sea is raised to the height 
of three or four, and even to six or seven, feet. They consist in the 
changes of level that are suddenly manifested, without there being 
any thing that can cause them to be anticipated. 

Bertrand was the first to conceive and to explain that it was by 
the attraction of electric clouds that the waters were thus raised. 
We can now see why it is that sometimes, when a heavy cloud is 
hanging over us, the leaves, dust, and other light substances, when 
agitated by the slightest breeze, seem to have lost their gravity, 
and to rise high up without any apparent cause adequate to the 
production of any such effect. 

The disastrous and terrific work of tornadoes, cyclones, and 
water-spouts is now accounted for, in which a slight gyratory beha- 
vior of conflicting winds is augmented into a force to tear up trees 
and carry them to great height ; to lay waste buildings, and unmast 
ships ; to carry up vast columns of vesicular vapor, and sometimes 
even whole water ; emptying ponds of their contents, giving rise 
to those showers of solid substances, sometimes even living ones, 
such as frogs and fishes, which are noticed from time to time. 

The great snake story of Illinois, said to be the greatest on rec- 
ord, reported* in the ^ Illinois State Register," of June Ist, 1869, 
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and copied in the "New York Sun," of the 6th, is remarkable. 
We are told that after a fearful tornado, which occurred on Friday 
night. May 28th, every ditch, brook, and pool, on the prairie north 
of Taylorville, was literally alive with nondescript reptiles, some 
of which were from one and a half to two feet long. Whether 
this be fact or fiction, it is, to say the least, plausible. 

And now, while writing, the " Louisville Commercial," of Janu- 
ary 19th, 1870, brings the account of a terrible tornado, which 
occurred on the morning of the 17th, before the break of day, at 
Cave City, Ky., a town of four hundred inhabitants, by which 
nearly the whole of it was laid in ruins ; fifteen persons killed, and 
twenty-five seriously injured. In this, trees, ten to twenty inches 
in diameter, were wrenched up by the roots ; some were twisted 
into fantastic shapes, splintered, and strown about; others were 
carried bodily hundreds of feet ; buildings were torn to pieces, 
and scattered like chafl^ leaving not a vestige to mark the places of 
once peaceful and happy homes. A house was struck, violently 
turned around, struck again, and almost instantly levelled to the 
ground. The ftiniiture disappeared entirely, was smashed to 
pieces, and borne on the wild winds beyond the limits of the town. 
The bursting and detonations of ball lightning were of remarkable 
frequency during the passage of this cyclone, which extended 
some ten or twelve miles. 

In the formation of two or more distinct strata of clouds as 
described above, is to be found the condition which, according to 
most philosophers, is indispensable in the production of hail. It is 
known that water under some conditions may remain in a liquid 
state at a temperature many degrees below the freezing point, and 
that it may instantly congeal under some mechanical agitation. 
Now the water at the upper surface of a cloud may be in such a 
state. We can, therefore, see how aggregation in the form of 
sleet falling from a superposed stratum may produce the necessary 
agitation, and thus become immediately coated with a laminated 
covering of ice, forming hailstones. But I will not dwell ^ther 
on this complex subject. 

Aurora JBorealia 

is a phenomenon which I take to be as ftiUy due to atmospheric 
electricity as are any of those before considered. 

According to the testimony of all observers, this phenomenon is 
always accompanied by a peculiar ?uxee or veilj wHich, although 
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allowing the light of the stars to pass, gives the sky a sombre 
aspect. 

This haze is known to be composed of fine transparent needles 
of ice. M.M. Bixio and Baral, being raised in a balloon to a 
great height, found themselves, on a sudden, although the sky was 
serene and the atmosphere cloudless, in the midst of a perfectly 
transparent veil, formed of a multitude of little icy needles, so fine 
that they were scarcely visible. 

Dr. Richardson, in a temperature of 57® below freezing point, 
having seen an aurora, the arch of which was near the zenith, 
remarked that, although the sky appeared perfectly serene during 
the display, a fine snow was falling scarcely perceptible to the 
naked eye. At another time he witnessed a similar fact under a 
brilliant sun, the rays of which permitted him to distinctly see the 
transparent icy needles. Gisler says that, in Sweden, upon the 
high mountains, the traveller is sometimes suddenly enveloped in 
a transparent fog, of a whitish gray color, passing into green, which 
is transformed into an Aurora Borealis. When such haze or parti- 
cles of ice are precipitated from vapor, highly electrized, the elec- 
tricity becomes free and luminous, as was the case in the snow 
cloud described by Beccaria. 

We are led to the conclusion, therefore, that the aurora arises 
from electric discharges which take place between the luminous 
icy particles suspended in the air, and which in infinite numbers 
communicate with the earth or moist au* below. 

The arch fi-om which the auroral streamers are seen to radiate 
is the boundary between the cold region, occupied by the icy 
needles, and the milder region of moist air in which the discharges 
cease to be luminous. 

We may suppose that the production of aurorae in the arctic and 
antartic regions should be the normal state, and of daily occurrence, 
in which the establishment of electric equilibrium between the 
great tropical current and the earth should be manifested. 

And so it would, were it not that this gi*eat current has met 
with many interruptions, and been often arrested in its regular 
course, by such disturbances in the underlying strata as I have 
before mentioned ; so much so, indeed, that, whenever any portion 
of it is transported to the polar regions, it forms rather the excep- 
tion than the rule. 

But occasionally it does, in part, reach the high latitudes, and 
then aurora polaris can scarcely fail to appear. 
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These icy needles, generated in a region of intense cold, are 
peculiar. Unlike the congelation of sleet and hail, or the crystal- 
lization of snow-flakes, from particles of water, they are precipitated 
directly from the transparent vapor, without its passing through 
the intermediate liquid state. Like the ultimate vesicles and 
other individualities of a cloud, they maintain their own indepen- 
dent electrical spheres, and not only repel each other, but are, from 
their very inception, polarized. 

The molecules of the vapor, too, of which they are formed, I 
infer, were polarized, and were, therefore, forced to unite in the 
exact manner to give them their pecular filamentous or needle- 
like form. Being precipitated from vapor, intensely positive, 
they themselves are endowed with positive electricity equally 
intense. 

How, then, must they dispose themselves in their relation to each 
other, when floating freely in the air ? Certainly in parallelism, 
and with their positive poles directed towards the negative earth ; 
therefore, when discharges between such haze and the earth, or the 
lower sti*atum of moist air, become visible, they must appear in 
lines parallel with the direction of the icy needles. How beauti- 
fully apparent, then, is the rationale of these splendid displays ; the 
flickerings, the streamers, the coronae, and the merry dancers^ all 
moving in exact obedience to the slightest electric or atmospheric 
changes ! But 

Terrestrial Magnetism 

has an effect in a way not yet well understood, in modifying and 
giving direction to the auroral movements. The well-known efiects 
of a magnet upon the electric arch between the poles of a power- 
ful battery, and upon discharges through rarified air, are supposed 
to present some analogy to this terrestrial magnetic eflect. 

We are now obliged to discard the idea of extra-atmospheric 
aurora, as well as that of reflected solar light, and must admit that 
the phenomenon is confined to the regions where haze and cirrus 
clouds are wont to form ; and, from the abundant evidence we have 
of their frequent presence in regions very low down, we are 
relieved from the necessity of supposing that the rarity of the air 
in the high regions is indispensable to the transmission of aurora, 
although we know that the more rare the air (within certain limits) 
the greater is the facility ofiTered by it for the transmission. 
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Aurora not high up. 

In proof that aurora may not always be high np, I qnote the 
following : — 

" Captain Franklin saw an Aurora Borealis, the light of whicli appeared to 
him to illuminate the lower surface of a stratum of clouds, whilst twenty-five 
miles further on, Mr. Kendall, who had watched the whole night without losing 
sight of the sky, did not perceive any trace of light." 

*' Captain Parry saw an Aurora Borealis display itself against the side of 
a mountain." 

" Lieut. Hood and Dr. Richardson, being placed at a distance of about 
forty-three miles from each other, in order to make simultaneous observa- 
tions, whence they might deduce the parallax of the phenomenon, and 
consequently its height, were led to recognize that it had not a greater eleva- 
tion than five miles." 

Finally, " M. Liais, having had the opportunity of applying a method 
of his to the measurement of an aurora, seen at Cherbourg, Oct. Slst, 
1853, found that the arc of the aurora was about two and one-half miles 
above the ground at its lower edge." 

TTie Noise of Aurora. 

The whizzing, or noise of crepitation, often heard by observers 
in high latitudes, althongh denied by some learned philosophers, 
presents to my mind ample evidence of the low position of many 
aororse. 

I quote further : 

" M. Yerder, on the night of Oct. 18th, 1819, being in the latitude of 
Newfoundland, heard very distinctly a sort of crackling noise or crepita- 
tion, when the building that he ascended was in the midst of an aurora." 

'* It is generally admitted by the inhabitants of the northern regions that, 
when the aurora appears low, a crackling is heard similar to the electric 
spariE." 

'* M. Ramm, inspector of forests in Norway, wrote M. Hansteen that he 
had heard the noise, and that it always coincided with the luminous jets." 

" Dr. Gissler, who for a longtime dwelt in the north of Sweden, remarked 
that the matter of Aurora Borealis sometimes descends so low that it touches 
the ground ; at the summit of high mountains it produces upon the face of 
the traveller an effect analogous to that of wind." 

Any one who has placed his &ce or hand near an intensely 
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charged prime conductor cannot fail to understand the nature of 
the effect here spoken of. 

" Dr. Gissler adds, that he has frequently heard the noise of aurora, and 
that it resemhles a strong wind, or the whizzing that certain chemical mat- 
ters produce in the act of decomposition/* 

If the electric discharges through the haze are interstitial, dart- 
ing from needle to needle, as they undoubtedly are, we cannot 
doubt that such crepitation would be observed by persons near 
enough to hear it. 

The Odor of Ozone. 

The pungent odor spoken of, as observed by some who have 
heard the noise, goes far to strengthen the evidences here cited. 
This odor is undoubtedly that of ozone, which is evolved as well 
in the infinitesimal discharges of aurora as in flashes of lightning; 
it is represented as identical with that observed at the discharge of 
a powerful Ley den jar, and is, without doubt, from the same 
cause. 

In view of the foregoing evidence, it seems to me that there 
must have been some fallacy in the parallaxes which have placed 
auroras at the great heights of four, five, and six hundred miles ; for 
at such elevations there is no appreciable atmosphere, or, at most, it 
is too rai*e to sustain clouds or haze of any kind. 

Is it not probable that the appearances presented by a haze in a 
given region may change, according to the point from which it is 
observed ; or may it not present an aurora at one point, and be dark 
at another ? Might it not have been so in the case of Franklin and 
Kendall, above quoted ? 

Arago held that to attempt to measure the height of an aurora 
was as futile as to attempt to measure the height of a rainbow. li 
is, indeed, certain that, in some points of view, each observer does 
see his own Aurora Borealis as he sees his own rainbow. 

JElectric Storms. 

Aurora Borealis has so generally been accompanied and pre- 
ceded by great disturbances of the magnetic needle, that it has 
been called a magnetic phenomenon ; and the general operation 
which causes such disturbances, as well as the remarkable effects 
upon the telegraph wires, in sometimes neutralizing, and, at others, 
greatly augmenting the force of the battery current, has been 
called a magnetic storm. 
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I prefer to call it an electric storm ; for it is no more nor less than 
an operation of atmospherio electricity moving in alternate and 
varying directions. 

Electricity passing a magnetized needle, in any direction except 
in a line directly transverse to the magnetic meridian, always 
causes it to diverge more or less, as when a current passes through 
a galvanometer coil ; it is, therefore, as much an electric phenome- 
non as the deviation of the galvanometer, or as the battery current 
itself. We might as well call a common thundernstorm nuig- 
netiCj for it produces effects in all respects similar, but still more 
energetic and rapid. 

Coincidence with spots on the Sun. 

A peculiar and interesting circumstance appertaining to aurorsd 
is their periodic coincidence with the appearance of spots on the 
sun. 

The records go to show that the two phenomena have their 
maxima and minima nearly simultaneously. 

Conmiencing with the year 1763, the maxima of spots, and of 
the aurora, appear in the following: — 



MiTTMA. 


M AXTWA . 

1 


From 1768 
to 1769 
" 1779 
" 1788 
" 1804 
" 1816 


6 yean 
10 " 

9 " 
16 " 
12 " 


From 1816 

to 1880 

" 1887 

« 1848 

" 1860 


14 yean 
7 " 

11 " 

12 " 



The length of the periods varies from six to sixteen years. 

The sun evidently possesses powerftil electro-dynamic properties 
as well as magnetic polarity. 

Although the forces which act upon the magnetic needle ema- 
nate directly from the earth, and are probably induced, in part at 
least, by electric currents circulating around it, still the prime 
source of all such induction is undoubtedly to be found in the sun 
itself in its electro-dynamic and magnetic forces. 

Now, the auroral phenomena being influenced as we see them by 
terrestrial magnetism it is not difficult to comprehend how any 
such great disturbances as must be produced in the sun's emana^ 
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tion, by the formation of large spots on its surface, may be the 
occasion of the coincidence mentioned. 

I apprehend that if physicists will hereafter bring their imagi- 
nations nearer to the earth in their investigations of auroral dis- 
plays, and will candidly consider the facts and hypotheses above 
detailed, they will be able to see that they are inter-atmospheric 
phenomena, as simple, and as easily accounted for, as are halos, 
lightnings, clouds, or rainbows. 



2. The Nobthsbs of Texas. By Solomon Sias, of Charlotte- 
ville, N. Y. 

Among the meteorological phenomena peculiar to Texas are 
what are termed ^ the Northers ^ from the main direction of the 
wind. In 1858, Prof Joseph Henry gave a general explanation of 
their occurrence ; yet, as a whole, no phenomenon is less understood, 
nor is there any respecting which so extravagant stories are told, 
and it is the object of this essay to present some of the phenomena 
connected with them, and, if possible, lay the ghost of exaggera- 
tion. The observations were taken from 1859 to 1866, in lat. 33^ 
40' K, long. 96^ 13' W. 

Commencement. 

The wind from whatever quarter blowing, usually S., S.E., or S. 
W., either dies entirely away or very materially slackens, and is 
changed to a cold, piercing, north wind. This is a Norther. Some- 
times the wind slowly veers through the west to the north, coming 
so gently at first that it does not turn the wind-vane, and can only 
be detected by the smoke which lazily floats southward. In a few 
hours this increases, until, on the Smithsonian scale, it reaches a 
maximum force of three or four (or velocity varying from twelve 
to twenty-five miles per hour), sometimes six; holds this rate 
several hours, perhaps a day or two ; then gradually slackens, or 
comes in gusts mixed with an easterly or south-easterly current ; 
and finally disappears, a south wind prevailing. Frequently, and 
we may say usually, the change is so sudden and marked that a 
person standing in the open air feels it slap him with a chilling 
roughness, atid almost inmiediately the moisture is dried upon him 
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which the preceding warmth had produced. While riding over the 
prairies, uncomfortably warm in the lightest clothing, I have repeat- 
edly been struck by them, and before I could wrap my blanket 
around me been as uncomfortably cold. It is amusing to see with 
what rapidity windows are shut, clothing changed, and fires kindled 
when they come. Sometimes, instead of changing, the preceding 
wind dies entirely away, and a dead, oppressive, sufS)cating calm 
ensues, to be broken in a few hours by the wild bursts of the 
descending Norther. 

There is no time of day, so far as I have observed, set apart for 
their coming. In one hundred and twenty-eight consecutive cases, 
sixty-two arose in the daytime, and sixty-six by night. In the 
year commencing October, 1859, there were fourteen by day, 
and twenty-two by night; the next year twenty-three by day, 
and twenty-four by night ; the next year twenty-five by day, and 
twenty by night ; and those occurring during this time by day 
seem pretty equally divided between the fore and after noon por* 
tions. 

Force. 

In the majority of cases the initial force of a Norther will not 
rise above three on the Smithsonian scale. They frequently com- 
mence faint as a summer's zephyr, again bend the trees like reeds, 
and I have known the brick walls of our Institute to quiver at the 
first striking of the blast. I have firequently been told when a high 
Norther struck, "It will hold like this till it is done ; ^ but my ob- 
servations fail to confirm the statement. They die down in a few 
hours to a force of about two, hold at this rate perhaps a day or 
so, then fade entirely away. The Northers firequently fluctuate in 
force during the day, decreasing toward night, swelling again in the 
night or the next day. The following examples will give a pretty 
fair illustration of their phenomena and changes : -^ 

Feb. 5, 1860. Norther began in forenoon ; very gentle ; lasted 
all day and the next ; dying out on the 6th at about 9^ pjf. 

Feb. 9, 1860. Norther began between 5 and 6 A.H. ; increased 
in force until it blew full four; held at that rate all day; next 
morning was between one and two ; increased during the day to a 
force of three, dying down toward night; blowing next morning 
with a force of about one, and veering at 9 a.m. to west. 

March 8, 1860. Norther began at lOj a.m. ; wind before S. 
W. three ; changed suddenly to N. three ; died down at 4 p.m. 
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Jan. 26, 1863. Norther began in night before, blowing in morn- 
ing with a force iull three ; increased during forenoon ; died down 
in afternoon ; next morning was hardly perceptible ; increased in 
forenoon; decreased in afternoon; and changed in night to a 
south wind. 

The wind in a Norther is not always strictly from the north ; it 
frequently veers for a few hours to N.E. or N.W., or back and 
forth between these points, and I have known it to give way com- 
pletely for an hour or two to a southerly wind. This veering and 
changing, however, seldom occur in the early stages, or in a 
Norther of high degree. 

Duration, 

It is often difficult to fix the duration of Northers. First. They 
may commence or end in the night. /Second. The regular hours of 
observation were 7 a. m., 2 and 9 p. m. Suppose at 7 a. m. the wind 
was S. 1, and at 2 p. m. was N. 1, — query, " When did the Norther 
begin ? " The commencement of the severe ones occurring in the 
daytime can be told, but if they fade away when do they end? 
Again, when does a north-east or a north-west wind become a 
Norther, or cease to be one ? Again, as stated, a Norther occa- 
sionally gives way to some other wind ; suppose one of these intei^ 
polated winds occurs at the time of observation, shall we call it 
one Norther with varying winds, or several with intervals of from 
one to six hours ? I have considered it one Norther from the time 
I detected a regular north wind until it became a settled one south 
of the east or west points ; and in this way have found they last 
from one hour to six or seven days. Thirty per cent, are less than 
twelve hours in duration ; fifty per cent, do not last over a day ; 
and less than eight per cent, continue over three days. The longest 
period occurs about Christmas, and is worthy of special note, as it 
is the only one of sufficient length and intensity to be of service. 
It comes from the 24th to the 28th of December, lasts from three 
to seven days, and with the cold spell that follows constitutes a lit- 
tle winter, in which the people can lay in their supply of meat. 
All hands are waiting for it, — guns, pistols, knives, are ready ; and 
as soon as the first regular blast is felt you hear shouts and squeals 
in every direction. 

Interval. 

It is a commonly received notion that the Northers return once 
a week, but my observations fail to confirm it. From Oct. 1, 1859, 
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to the last Norther in the following June, we have thirty-eight 
Northers in two hundred and sixty-six days, or a return of exactly 
once in seven days ; in the following year a return of once in six 
and three-eighth days; and in the next, of once in six days. 
These yearly averages would seem to give a period agreeing with 
the popular notion ; but what are the actual intervals? In October, 
1859, they were respectively 7, 10, 8, 16 days. February, 1860, 
they were 4, 4, 4, 5, 5, 4 days. November, 1860, they were 2, 9, 3, 
4, 4, 4, 3, 2 days. These actual intervals bear but slight resem- 
blance to the yearly average. The general average, therefore, can 
be of no use in ascertaining the probable interval between them, and 
of little in ascertaining the physical law producing them. The 
interval elapsing from the end of one to the commencement of the 
next is even more irregular than the numbers given ; and I cannot 
find any relation between the severity of a Norther and the inter- 
val that precedes or follows it. 

Number, 

The total number of Northers in a year varies from thirty-five 
to forty-eight ; the average is about forty-two or forty-three. We 
are told they commence the last of September and end in May ; 
but meteorological observations show they commence earlier and 
end later; in fact, that there is no month in which they may not 
occur. The discrepancy between fact and the common idea doubt- 
less arises from the harmless nature and refreshing character of the 
wind during the summer months. In 1860, there were two in 
June, and one in August ; there was no north wind or barometric 
substitute for it in July that year. In 1861, a Norther, having a 
force of five, came up suddenly at 2 P.M., the 11th of June, and 
lasted the rest of that and the whole of the next day. In 1862, 
there were several in June, one having a force of three, and lasting 
four days, another lasting two days ; in July, one ; August, one ; 
September, three ; Oct. 9th, one came, lasted five days, gave a frost 
on the 11th, and was said by the citizens of our place to be ''the 
first Norther of the season," — with what meteorological accuracy 
we have seen. In July, 1863, there was one ; in August and Sep- 
tember, two each. In July, 1864, one; in August, two. The 
conclusion, therefore, is that they may occur every month ; but the 
intervals are longer, and the winds less marked, from the first of 
June to the last of September ; while from October to June they 
occur within intervals of from two to sixteen days, having a yearly 
average of forty-two or forty-three. 
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TJiermometric Phenomena. 

The tbennometer usually £ill8 during a Norther, though I have 
a few cases recorded in which it has risen. These exceptional 
oases I attributed to the Norther's clearing away the clouds of a 
preceding storm. The thermometer frequently &lls rapidly at 
their commencement, — it is said, sometimes seventy degrees in 
fifteen minutes ; but I have never witnessed such rapid or extren^^e 
falls. The greatest I have noted is twenty degrees the first hour 
and fifteen the next, making thirty-five degrees in two hours; and 
this is a very exceptional case. In the following cases the actual 
fall is given from the last recorded observation preceding the 
Norther to the first one after it began : October, 1859, the fall was 
5% 7° ; November, 16° ; December, 85^ 17°, 7°, 4°, 20° ; January, 
1860, 0°, 12°, 25°, 4°; February, 4°, 10°; March, 0°, 10, 1°, 3°, 0°,— 
making an average of ten degrees to the Norther. In Northern 
Texas there is always a great fall in the thermometer fix>m 2 to 9 
P.K. ; and if a Norther commences in the afternoon it is questiona- 
ble how much is owing to its presence. I have, therefore, in the 
above cases omitted all that began between 2 and 9 P.H. If we 
take all that occurred from October, 1859, to last of June, 1860, 
the general average would not materially differ, being ten and one* 
ninth degrees. The average for December, 1864, was seventeen 
degrees; that for the year from October, 1864, to June, 1865, was 
thirteen degrees. Small as the thermometric fall appears in figures, 
the Northers are frequently accompanied by frost out of season, 
and on this account are dreaded by all. 

Barometric Phenomena. 

Usually the barometer commences falling from two to six days 
before a Norther sets in, and drops down slowly, but pretty regu- 
larly, until the first stroke of the Norther, when it rises rapidly. 
Frequently the fall is more rapid just before the change ; and I have 
often been led to the belief that a Norther was close at hand by 
this phenomenon, in the absence of the other usual indications, and 
I do not remember ever being disappointed. And the almost inva- 
riable fact that it rises the moment one begins has sometimes been 
my first and surest evidence that one is blowing. Frequently the 
rise during a Norther is greater than the normal height, or that 
reached in the preceding interval. The following taken at random 
will give an idea of these changes, the height being reduced to the 



PHT6ICS OF THE GLOBX. 108 

freezing point: Nov. 11^ 1859, preceding fall, 0.488, rise, 0.988; 
Jan. 11, 1860, the fall was 0.129, rise, 0.111 ; on the 26th the fall 
was 0.190, the rise, 0.510; Oct. 7th, 1868, the fall was 0.887, the 
rise, 0.282. I have failed to detect any relation between the 
seyerity or oontinuanoe of a Norther, and the amount of the baro- 
metric fall before or rise in iL 

I^eculiar jPhenomena* 

JKifida, — The Northers may be divided into two classes, — the 
Wet, or those accompanied by rain, sleet, or snow ; and the Dry, in 
which the sky is clear, or bat partially covered with clouds. If 
the preceding wind has been east of south, we usually look for a 
Wet Norther ; if it has been directly south, the sky laden with 
olouds, and the Norther does not scatter them immediately, it may 
be Wet; if the wind has been west of south, it is usually a Dry 
Norther. This I attribute mostly to our position in relation to the 
Gulf. As the prevailing winds are a little west of soiith, by far the 
greater part are Dry, and if not sufficiently cold to freeze the little 
bodies of surface water speedily evaporate them. It is a curious 
frict that the air constituting a Norther seems to be utterly dives^ 
ted of water. Even the wet ones do not bring their moisture with 
them, but derive it from the already laden air. If there are any 
clouds floating, a Dry Norther is occasionally ushered in with a 
dash of rain ; but in this case the Norther commences suddenly, 
and with considerable force. 

Depth, — The Northers are mere surface winds. When the 
wind is ranging from three to five the clouds, and even down, are 
frequently seen floating in the opposite direction. The gusts of 
wind sometimes seem to actually roll along the ground. 

Ozonic Nature. — The Northers, usually the Dry ones, are fre- 
quently ushered in or accompanied with a peculiar smoky smell ; 
sometimes a whitish curdling of the air ; occasionally a peculiar, 
dry, fog-like appearing substance drifts along the surj&ce of the 
earth, scarcely ever over ten or fifteen feet in height. The smell 
and appearance do not resemble those of burning grass or wood, 
and occur at all seasons. The curdling of the air is a peculiar feat- 
ure of the Northers, and is almost indescribable. Imagine a dry, 
waterless fog drifting along the ground, catching in the high weeds, 
among the leaves of shrubbery, and wrapping around the trunks 
and lower limbs of the trees, of a grayish white color, and the air 
looking mottled,-— and you have as good an idea as words can con- 
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yey. Suspecting the smoke and fog were connected, and ozonic in 
nature, I repeatedly prepared test papers, and in no case failed to 
get a speedy action upon them. I, therefore, attribute them to ite 
presence. 

Eff^ecL — The effect of Northers on vegetation and disease is 
like what we would expect from an ozonic air. If it is a dry one, 
vegetation wilts during its continuance, as if it were subjected to a 
drouth, and only the shortness of a Norther saves it from suffering. 
Low or typhoid fevers are benefited by them more than can be 
attributed to the cooling of the atmosphere; colds are rarely pro- 
duced by them, even in exposed cases ; and consumption is scarcely 
heard of in the regions where they prevail. In fact, whether attrib- 
utable to them or other climatic influences, persons afflicted with 
asthma or consumption seem to get a new lease of life by moving 
to those sections. 

Heralds. — A warm moist wind blows from some southerly quarter 
a few days ; the thermometer rises ; the barometer sinks slowly, then 
rapidly; the wind materially slackens, veers to the west, or gives 
way to a dead, oppressive calm; and, lastly, a peculiar dark cloud- 
like appearance forms in the north or north-western horizon, slowly 
rises, and when in a few hours it reaches an angle of thirty or forty 
degrees the Norther bursts upon us. 

Attendants, — Usually the immediate rise of the barometer and 
falling of the thennometer; sometimes a dash of rain; occasionally 
the ozonic smell and curdling of the air; almost invariably the 
rapid disappearance of the northern cloud-Hke formation ; and fre- 
quently so great a reduction of temperature that a frost or freezing 
occurs out of season. 



3. Descriptiok op an Abctic Tede-Qauge. By Joeen M. Batch- 
ELDEB, of Cambridge, Mass. 

This instrument is intended for registering the height of the 
tide at stations where the float and box commonly used are liable 
to be obstructed by ice. 

A strong iron tube, about four inches in diameter, is firmly bolted 
to a wharf or pile. It is open at the top, and has at the lower end 
a nipple to which an India-rubber bag is fastened, — the length 
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of the tube being sufficient to allow tlie elastic bag to be always 
submerged at the lowest stage of the tide. 

The bag is supported by a suitable shelf, or cage, and is filled 
with glycerine, which is poured in at the top of the tube. When 
in this condition the glycerine rises and falls within the iron tube 
in proportion to the varying height and pressure of the column of 
water above the rubber bag, the difference in the height of the 
two columns being in proportion to the difference of the specific 
gravity of the water and the glycerine. The parts above described 
insure protection firom floating ice, and prevent congelation within 
the iron tube. 

A copper tube, about three inches in diameter, closed at the bot- 
tom, and open at the top, is placed within the iron tube, and floats 
in the glycerine : if left free it would rise and fall with the chang- 
ing level of this liquid. The length of the central tube is a little 
greater than the whole range of the tide. 

Near the upper end of the outer tube, there are three spiral 
springs, fixed at the top and united at the bottom by a plate or 
disk, from which the central copper tube is suspended. From a 
stem fixed to the centre tube or float, and moving with it, a string 
or chain leads over a single pulley, and gives horizontal motion to 
the pencil carriage of the recording apparatus. 

The distance that the central tube is to move, vertically, is ad- 
justed to agree with the required range of the pencil upon the 
record paper, by placing within it suitable weights. 

As the glycerine rises or fidls in the annular space between the 
iron tube and the central float, the spiral spring at the top is more 
or less extended, the extension being uniform on account of the 
cylindrical form of the float. 

It is not necessary that the India-rubber bag be enclosed in a 
perforated box for the purpose of preventing oscillation ; as it is 
Mways submerged, and the pressure upon it is equal to the weight 
of a column of water, having its base at the bag, and its sunmiit 
at the mean level of the surfiu^e waves. 

This instrument has been constructed by the United States 
Coast Survey, and is now in operation at the tidal station in the 
Boston Navy Yard« 
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4 The Isothebhals of the Lake Rboion. BjAlbxakdeb 
WiNCHELL, of Ann Arbor, Miohigan. 

It may be remembered that four years ago, at the Bufblo meet- 
ing of this Association, I read a paper on the ** Fruit Belt of 
Michigan," in which I presented some statistics, illustrating the 
influence of Lake Michigan upon the climate of the oontiguous 
regions on the east side. More recently I have had occasion to 
continue my investigation of the climatology of the Lake R^oo, 
and to prosecute it to a much greater degree of thoroughness and 
detail. For this purpose I have accumulated all the meteorologi- 
cal observations ever published from within the limits of the State 
of Michigan, as well as many observations yet unpublished. Far 
purposes of comparison, I have collected similar dcUa respecting 
more than fifty selected localities lying outside of the State of 
Michigan. The Michigan observations aggregate two hundred and 
eighty-four years, and those of the other localities four hundred 
and ninety-three years. The result of this discussion is to estab- 
lish flx)m extensive inductive dcUa the existence of veryremaikable 
influences exerted by the great lakes upon the temperature of the 
regions adjacent. A general statement of these results is here 
presented. 

For the purpose of exhibiting the thermometric generalizati<Mis 
to the eye, I have constructed nine isothermal charts, covering the 
area between the fortieth and forty-eighth paraUels of latitude, and 
between the eightieth and ninety-seventh meridians. This em- 
braces the region within the influence of Lakes Superior, Michi- 
gan, and Huron, and the valley of the Mississippi as &r west as 
Kansas and Nebraska. 

It is well known that these great bodies of water exert a cooling 
influence in summer, and a wanning influence in winter. The. 
isothermal charts for July and January, to which I direct your 
attention, present these influences in strong contrast. Turning 
our attention first to the chart for July, we are at once impressed 
by the magnitude of the deflections of the isothermals in passing 
the great lakes. These deflections are toward the south, in cons^ 
quence of the cooling influence of the lakes. In the lower penin- 
sula of Michigan the lines all form loops opening southward, 
showing that the mean temperature of July, in the interior, is much 
higher than along the lake borders. And yet, within the peninsula 



108 ▲. MATHEMATICS, PHYSICS, AND CHEMISTRY. 

of Michigan, the isothermals do not attain so high a northern limit 
as in the continental region west of Lake Superior. The isotherm 
of seventy degrees, for instance, first appears within the limits of 
the chart in the latitude of forty-eight degrees in the yalley of the 
Bed River of the North. Passing south-eastward and eastward to 
the valley of the Menominee River, it comes within the influence of 
Lake Michigan, and bends directly southward through Green Bay 
and Milwaukie to latitude 42'' 40', and thence trends northward to 
Traverse City in latitude 44° 40'. Here it is deflected southward 
again under the influence of Lake Huron, and, passing Saginaw 
and Sanilac, finaDy bends north-eastward to attain its nonnal 
position, striking Penetanguishene on Georgian Bay of Lake 
Huron. West of Lake Michigan, this isotherm sweeps across a 
latitudinal belt of five and a half degrees. Within the peninsula 
of Michigan, it is deflected first northward two degrees, and then 
southward one and a half degrees. 

Similar deflections are experienced by the isotherms between 
67° and 72°. The isotherms of 73°, 74°, and 75°, appear to escape 
much of the influence of Lake Huron. The isotherm of 74° 
divides in Southern Michigan, — one branch passing eastward 
through Northern Ohio, and the other southward through Central 
Lidiana and Southern Ohio. The State of Ohio consequently 
constitutes an area of uniform temperature in July, which is iden- 
tical with the mean temperature of Central Michigan to the limit 
of four and a half degrees of latitude, or three hundred miles, 
further north. 

An area in the south-eastern part of the peninsula of Michigan 
seems to be an area of cold ; since the temperature is two or three 
degrees colder than it is on either side. There exists a region in 
this part of the State which is topographically elevated about three 
hundred feet above the general level of the peninsula. It is the 
region of outcrop of the sandstones of the Marshall Group, but it 
is not entirely coincident with this area of cold. An area of 
warmth seems to be indicated in Northern Iowa, 

It will be observed that the cooling eflect of Lake Michigan is 
somewhat greater on the west side than on the east. Not only are 
the isotherms deflected fl-om a higher latitude on the west side, 
but they likewise attain a somewhat lower latitude. The low- 
est deflection of the curve of 75°, for instance, is at Ottawa, 
m., to the west of the meridian of the lake. The curves of 71** , 
and 72^ are also somewhat more southern on the west side than on 
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the east. This circumstance is undoubtedly accounted for by the 
slight preponderance, during July, of winds from the east of the 
meridian. Thus, at Chicago, this preponderance is as 60 : 33 = 
1.82; at Milwaukie, as 48 : 87 = 1.30. But at Milwaukie, and 
further north, northerly and even north-westerly winds feel the 
influence of Green Bay. 

Contrasting with these results those represented on the iso- 
thermal chart for January, we are at once struck with three 
phenomena: 1st, the great deflection of the isothermal lines; 
2d, their northward deflection ; and 3d, the exertion of an exces- 
siye amount of lake influence upon the east side. All this is illus- 
trated by tracing the isotherm of 22°. Coming within the limits 
of the chart, a few miles south-west of Omaha, it pursues an 
undulating course eastward to Ottawa, in Illinois, when it 
bends abruptly northward, passing west of Chicago, and east of 
Milwaukie, to Northport, at the mouth of Grand Traverse Bay, 
whence it bends southward to Corunna, in the middle of the 
lower peninsula of Michigan, and northward again to Thunder 
Bay Island of Lake Huron, and thence east to Penetanguishene on 
Georgian Bay. The isotherm of 23° reaches almost as far north ; 
but, in crossing the peninsula of Michigan, it strikes southward 
into Northern Indiana and Ohio, thence northward again almost 
to Thunder Bay Island. The sinuosities of this isotherm spread 
over a belt four and one-half degrees, or three hundred miles in 
width. In other words, the influence of the lakes is such that the 
mean temperature of January at Northport and Thunder Bay 
Island is identical with that of Omaha, Peoria, Chicago, and Fort 
Wayne. The January temperature of Mackinac and Marquette is 
the same as that of Green Bay and Fort Winnebago. 

An island of cold is again indicated in the south-eastern part of 
the peninsula of Michigan. In this case its form and position cor- 
respond quite exactly with a region of elevation. The area in 
Northern Iowa, which in July is an island of warmth, appears to be 
in January an island of cold. A similar one exists in the elevated 
region of Southern Wisconsin, while a remarkable axis of cold 
stretches through Northern Wisconsin and Minnesota. This axis 
is not entirely coincident with the crest of the ridge dividing the 
tributaries of Lake Superior from those of the Mississippi ; since 
the warming influence of Lake Superior crowds it about sixty 
miles southward. 

One of the most striking phenomena exhibited by the chart for 
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January is the excess of the warming influence along the eastern 
side of Lake Michigan. The isotherm of 23^^ strikes from Chicago 
directly to Northport, ahnost at the opposite end of the lake. The 
contrast in January temperature between the opposite shores of 
the lake is, for the northern hal^ four degrees, and for the southern, 
six degrees. This circumstance is due to the fact that the cold 
winds of the region come fix)m the west and south-west. The 
precise ratios of the winds from the east and the west of the me* 
lidian in January are at Chicago, according to eleven years' obser- 
vations, as 72 : 5=14.4; at Milwaukie, for thirteen years, as 
60 : 18 = S.33; at Manitowoc, for eleven years, as 67 : 11 =6.09. 
These results embody all January winds, except those directly from 
the north or south. The reason why the excess of warming influ- 
ence on the east side is greater toward the south than toward the 
north is evidently because north, and even north-west, winds 
coming from Green Bay add their warming eflect to that of Lake 
Michigan in all the region north of Milwaukie. 

The isothermal charts for the summer and winter contrast in the 
same way as those for July and January. From the summer chart 
we perceive that the isothermal of T2P makes its advent upon the 
northern limit of the chart, and disappears upon its southern limit 
only 12® of longitude further east. Coming from the Winnipeg 
country, it passes near Dubuque and Ottawa, thence into the cen- 
tre of the peninsula of Michigan. Sweeping around this region, 
it strikes directly south to Germantown and Portsmouth, in Ohio. 
The summer temperature of the Winnipeg region, and of Central 
Michigan, is identical with that of Northern Illinois and Southern 
Ohio. Areas of cold exist in South-eastern Michigan and Northern 
Minnesota; and large areas of uniform temperature in Wisconsin, 
Lidiana, and Ohio. 

The excess of cooling influence upon the west side of the lake, 
during the entire summer, is quite noticeable. The isothermals, in 
approaching the Lake Superior region, make an angle of 45° with 
the meridian ; and under the influence of Lake Michigan they be- 
come quite parallel with the meridian. It does not appear that, in 
the Lake Superior region, any excess of winds from the lake exists ; 
but, in the vicinity of Lake Michigan, such excess is well estab- 
lished. At Chicago, the winds from the lake are to those from the 
land, during summer, as 151 : 119 = 1.27 ; at Milwaukie, the lake 
winds are to the land winds as 142 : 104= 1.27 ; at Manitowoc, 
the lake winds are to the land winds as 153 : 128 := 1.24. 
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From the winter chart we notice that the isotherm of 24^ onda- 
lates over a breadth of more than two hmidred miles. Other 
isotherms are similarly sinuated. The mean winter climate of 
Mackinac is 20° ; and is identical with that of Green Bay, Fort 
Winnebago, and Fort Dodge. 

The excess of the warming influence on the east side of Lake 
Michigan is most apparent. The winter mean of Chicago is 24^°, 
while that of New Buffiilo, in the same latitude, is 28°. The win- 
ter mean of Milwaukie is 22°, while that of its tn«-a-t7»>. Grand 
Haven, is 26°. The winter mean of Fort Howard is 20°, and of Ap- 
pleton, 19o ; while that of Traverse City, farther north than either, is 
23^°. These contrasts illustrate again the effect of the prevalence, 
during the cold season, of winds from the west of the meridian. 

As to the isothermals for the spring and autumn, it might be 
expected that they would suffer little deflection imder the influence 
of the lakes. Comparatively speaking, this is the case ; but it will 
be noticed, nevertheless, that a marked cooling influence is exerted 
in spring ; since the isotherm of 43°, for instance, is deflected south- 
ward one hundred and fifty miles. It is worthy of remark at the 
same time, that the maximum deflection takes place on the west 
side of Lake Michigan. On the east side, the deflection of the 
same isotherm amounts to no more than twenty miles. Li 
general, we find the mean spring temperature of the eastern side 
of Lake Michigan to be about three degrees higher than the mean 
spring temperature of the western side. As this excess is accumu- 
lated in April and May, — especially in May, — it is at once appar- 
ent that the circumstance has a most important bearing upon the 
growth of spring crops on the opposite sides of the lake. The 
effect is such that the temperature of Grand Haven, March 15, is 
equal to that of Milwaukie, March 21 ; that of Grand Haven, 
April 15, is equal to that of Milwaukie, April 24 ; that of Grand 
Haven, May 15, is equal to that of Milwaukie, May 28. These 
contrasts relate to mean temperatures. They show that vegeta- 
tion on the east side secures a start of six to thirteen days. Add 
to this, protection from exceptional cold, in the form of spring 
frosts, and, to this, the effects of a drier and lighter soil, and we 
get a clear and demonstrative explanation of the difference in the 
agricultural and pomological products of the opposite sides of the 
lake. 

This contrast of temperatures in spring is explained, as before, 
by the predominance, during the cold month of March, of winds 



PHYSICS OF THE GLOBB. 113 

from the west of the meridian, and daring the warmer months of 
April and May, of winds from the east of the meridian. Thus, at 
Manitowoc, in March, the winds from the west of the meridian 
are to those from the east as 43 : 24 = 1.8 ; at Milwaukie, they are 
as 44 : 32=1.4; at Chicago, as 57 : 20=2.85. On the con- 
trary, the preponderance of winds from the east of the meridian 
daring May is, at Manitowoc, as 37 : 26 = 1.42; at Milwaukie, 
as 62 : 24 = 2.5.8 ; and in April, as 52. : 33 = 1.6 ; at Chicago, in- 
clnding north winds, which are here lake winds, the ratio of lake 
and land winds, in May, is as 44 : 40 = 1.1. 

In aatumn the resultant of the lake influences on the west side 
is ahnost zero ; while, on the east of Lake Michigan, a warming 
effect is experienced, amounting, along the southern half of the 
lake, to one or two degrees, and, along the northern half of the 
lake, to three or four degrees. This, as before, is caused by a pre- 
ponderance, during each of the autunm months, of winds from the 
west of the meridian. This preponderance is shown for Chicago by 
the ratio of 151 : 70=2.16 ; for Milwaukie, by the ratio of 147 : 94 
= 1:56 ; and for Manitowoc, by the ratio of 160 : 60 = 2.67. 

The advantages thus secured to vegetation along the east side 
of the lake are not less in autumn than in spring. These singular 
facts depend upon a shifting of the prevalent winds at the end of 
the cold season, toward the close of March, and again at the end of 
the mild season near the close of November. An investigation of the 
monthly means on the opposite sides of the lake, during autumn, 
shows that the temperature attained at Milwaukie, Oct. 15, is not 
reached at Grand Haven until Oct. 20. The Milwaukie temperature 
of Nov. 15 is only reached at Grand Haven Nov. 23. Com- 
paring Chicago and New Buffalo, we find that the Chicago temper- 
ature of Sept. 15 is the same as the New Buffalo temperature of 
Sept. 21. The October and November temperatures seem to be 
nearly coincident. These comparisons show that the warm season 
is lengthened, on the east side, about six to eight days in the 
autumn. This, added to the time gained in the spring, makes the 
growing season, on the east side of Lake Michigan, from twelve to 
twenty-one days longer than on the west side, -^ to say nothing 
about exemption from unseasonable frosts and a much warmer 
constitution of the soil upon the east side. 

Turning our attention now to the chart of isothermals for the 
year, we might anticipate that the warming and cooling influences 
of the lakes would exactly neutralize each other, so that the iso- 
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thermals would experience no deflection. We find, howeTer, that 
on the western side the resultant influence is slightly cooling, and 
on the eastern side decidedly warming. The resultant of these 
two influences gives a final resultant of a wanning character 
exerted upon the eastern side. This final resultant has a value of 
one-half to two degrees. In other words. Lake Michigan elevates 
the mean annual temperature of the contiguous region nearly two 
degrees above the norm. This results, of course, from the &ct 
that the mean temperature of the lake waters is higher than that 
of the land. This excess must be considerably greater than the 
resultant warming influence upon the land. Its explanation is a 
curious and interesting subject of inquiry. It cannot be caused, 
as in the case of the Gulf Stream, by great currents moving from 
tropical regions. Nor can we attribute it to a large volume of 
river water poured into the lake from regions lying to the south- 
ward. Some more occult cause operates to raise the mean temper- 
ature of the lake above the normal temperature of the land. 

I suspect that the mean temperature of the tributary streams of 
the lake is somewhat above the atmospheric mean of the year. 
The greatest volume, perhaps, is poured into the lake during the 
milder months ; but more than this, the wa,ters of the tributaries, 
by the laws of physics, can never be cooled below a certain limit, 
while their warming may proceed to the extreme limit of the 
atmospheric temperature. The same considerations will apply, to 
some extent, to the shallow bays connected with the lake. Still, I 
conceive, there must be another cause invoked for the frill explani^ 
tion of the phenomenon under consideration. 

I do not hesitate to suggest that this cause may be the internal 
heat of the earth. Consider the depth to which the basins of the 
great lakes are excavated. Lake Michigan has a mean depth of 
nine hundred feet. At this depth in the solid crust of the earth, 
we should expect to find the temperature some eighteen degrees 
above the mean temperature at the surface. That is, if the mean 
land temperature, in the middle latitude of the lake is 44% the 
temperature of the lake bottom should be 62^. This heat received 
from the bottom, however, would be distributed through the whole 
mass of lake water, so that the average temperature of the mass 
might not be increased more than nine degrees.* The excess of 
radiation from the warmer waters of the lake might reduce the 

* It ifl probable that the temperature at or near the bottom is considerably 
lower than that near the surface. 
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wanning effect of the lake bottom to four or ^ye degrees, in the 
whole mass of water. It may not be amiss to mention, also, that 
the lake waters at the depth of nine hundred feet, in consequence 
of the mingling of the temperatures of the different strata, would 
be cooler than the land at the same depth. But as the bottom im- 
mediately underlying the water must possess nearly the tempera- 
ture of the water, it is evident that the warming effect upon the 
water is less than eighteen degrees as first calculated. Still we 
must argue that the rate of increase of temperature at greater 
depths beneath the lake would be more rapid than at the same 
depths upon the land, so that the actual resultant warming influ- 
ence exerted upon the lake waters at the bottom would be some- 
where between the two results already indicated. It would be a 
poeitiye warming effect, and its reaction upon the temperature of 
the land would be very nearly such as indicated by ouc isothermal 
lines for the year. 

In studying the influence of the great lakes upon the climate of 
the contiguous regions, we should especially note its presence 
under circumstances of exceptional cold or heat upon the land. 
For the purpose of illustrating these relations, I have constructed 
two isothermal charts for minimum temperatures. One of these is 
a chart for mean minimoy and the other a chart for extreme minima. 
By the ^ mean minimum" of a locality, I understand the average 
of the yearly minima for a series of years ; and by the *^ extreme 
minimum," the knoest point attained during that series of years. 
These charts present results which are truly striking. The iso- 
therms in the vicinity of Lakes Huron and Michigan trend literally 
north and south. In the chart of mean minima the isotherm of 
— 15° strikes fix)m Mackinac through Manitowoc, Milwaukie, and 
New Buffido, to Fort Riley, in £[ansas, near the parallel of 39°. 
Here is a deflection over nearly seven degrees of latitude, or about 
four hundred and eighty miles in a straight line. The meaning of 
this is, that the most excessive cold at Mackinac, for a period of 
twenty-eight years, is not, on the average, greater than at Fort 
Biley, four hundred and eighty miles further south. It is one 
degree less than at Chicago for a term of eleven years. By a 
glance at the chart of extreme minima, we perceive that the lowest 
point reached at Mackinac is but two degrees lower than the ex- 
treme minimum of St. Louis. Extreme weather of Chicago is 
twelve degrees colder than at New Buffalo. The lowest extreme 
of Milwaukie is fourteen degrees below the extreme minimum of 
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Grand Haven, while the extreme of Fort Howard is twenty de- 
grees below that of Northport. In general, while the mean mini- 
mum along the west side of Lake Michigan is — 16, that along the 
east side is — 6 ; while the extreme minimum on the west side is 
—22^ to —30^, that of the east side is —10° to — 16o. 

I cannot forbear directing attention to the important bearing of 
these additional facts upon the results of soil oultivation. It will 
be remembered that it is not the severity of the winter mean, but 
that of the winter eoctremeSy which conditions the inmiunity of 
exotic plants from destructive frost. One killing freeze is as fatal 
as thirty. That one killing freeze is as likely to occur at Fort 
Riley, or Leavenworth, or Peoria, or even St. Louis, as at Macki- 
nac. The whole east shore of Lake Michigan is 15° to 20° more 
secure than any of the places just named. As grapes and peach- 
trees require for their destruction a temperature of — 20°, it is 
apparent that peach orchards and vineyards are perfectly secure 
along the whole extent of the eastern shore of Lake Michigan. 

The rationale of these remarkable climatic effects is not difficult 
to discover. It lies in the comparatively low capacity of watery 
surfaces for absorbing and radiating heat. The mean temperature 
of the land in the middle latitude of Lake Michigan is about 44^°, 
and that of the lake a few degrees higher. In July the tempera- 
ture of the land rises to 74°, while that of the lake is not above 
61,0 or 62°. This difference is partly due to the fact that upon the 
land the heat from the solar rays is accumulated near the surface, 
while upon the water it is disseminated through the whole mass 
by the action of waves and currents. In January the mean tem- 
perature of the land sinks to 19o, while that of the water does not, 
probably, fall below 40°. The atmosphere in contact with the 
water must partake to some extent of the temperature of the 
water, and, when moving from the water to the land, must transfer 
to the land some portion of the heat or cold proper to the lake. 
The effect is a tendency to equalize the land temperatures. This 
tendency is most distinctly felt in case of extreme weather. On 
occasion of our coldest weather, the wind blows generally from 
the south-west, and, passing diagonally over Lake Michigan for a 
distance of one hundred to two hundred mUes, must necessarily 
experience a great degree of amelioration. 

The influence of the sea in equalizing temperatures has long 
been imderstood. The immunity from unseasonable frosts secured 
by bodies of fi^h water to localities in their inmiediate vicinity 
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has also been nniyerBally observed; but the fact that inland lakes, 
of the size of Lake Michigan, exert an ameliorating agency, quite 
comparable with that of the Atlantic Ocean, is something which 
has only been brought to light by recent thorough discussions of a 
wide range of meteorological data. On general principles, it has, 
indeed, been asserted by Professor Henry, and by Blodgett, and at 
an earlier period by Humboldt, that the great lakes of North 
America must exert some influence in deflecting the isothermal 
lines; but when we come to examine any of the charts which have 
been published to represent existing knowledge or conceptions, we 
flul to detect any marked inflection of these lines in passing the 
region of the great lakes. In &ct, the thermometric observations 
from the fifty-five meteorological stations in Michigan have not 
heretofore been employed in tracing out the remarkable tortuosi- 
ties of the isothermals of the lower peninsula of Michigan. I be- 
lieve these disclosures are destined to take their place among the 
most remarkable phenomena of climatological science. 

Notes. — The yiews set forth in the foregoing paper were first foreshadowed 
in a report on the " Grand Traverse Begion/' published in 1866. They were 
again published with a few additions in the Proceedings of this Association for 
1866. In 1867, 1 receired from Dr. I. A. Lapham a chart of Wisconsin, bearing 
date 1865, in which the isothermals for January and Julj are shown to be exten- 
sively deflected in Wisconsin by the influence of Lake Michigan. 

I desire to e^i^M my thanks to J. F. Orant, Esq., for a full transcript of his 
meteorological observations at Traverse City, and to General W. E. Raynolds, 
Superintendent, and C. F. Henry, Assistant, for permission to copy the un- 
published results of the observationB of the Lake Survey. 
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VI. CHEMISTRY AND MINERALOGY. 

1. A Graphical Discussion of ths Vabiotjs Fobhuljb fbo- 
possd fob the belation between the quantitt of 
Light produced bt the Combustion of Illuminating 
Gab and the Volume of Gas consumed. By Freder- 
ick £. Stimpson, of Boston, Mass. 

[Abstract.] 

I found upon examination that three formulad had been pro- 
posed for this reduction, namely : — 

(1). The common one, p = ^, which is expressed by saying 

that the light (I) is proportional to the quantity of gas (ff) con- 
sumed. 

(2). That proposed and used by Bunsen and Boscoe, p. 884, 

Vol. 149, PhU. Trans., 1859, \-^- = ^=4/> ^^ich is expressed by 

saying that for a given flame the increase of light is proportional 
to the increase of the quantity of gas consumed. 

(3). And, finally, Farmer's formula, proposed by Professor Silli- 

man at the Salem meeting of this Association, - = ^, which is 

expressed by saying that the light is proportional *to the square 
of the consumption. 

These three formulsB transformed so as to express the yalue of I 
become: — 

(1 J.) I = ^ffj or / = Ag. 

(Zb.)l=.^g^,orl=zAg'. 

I have collected from various publications upward of one 
hundred and twenty independent series of determinations of the 
relative illuminating power of gas consumed at various rates from 
different burners. These burners comprised single jet, union jet or 
fishtail, slit or batswing, and Argand; and each set contained &om 
two to ten single determinations. These series, together with 
some of my own determinations, were represented in the form of 
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curves, and by means of the magnesium lantern, projected on the 
screen for inspection. 

From the results of observations thus far made, I conclude 
that Bunsen & Roscoe's formula (a straight line cutting the axis g) 
would represent the greatest number of series, and particularly 
the series belonging to the Argand burners. 

That for those series belonging to the jet, the fishtail, and bats- 
wing burners, the common formula (a straight line passing through 
the origin, which is a modification of Bunsen's, in which jB = 0) 
very closely represents the relation found by experiment. 

Whereas the number of cases in which the series, or any con- 
siderable part of the series, could be represented by a parabola 
(formula No. 3) were very few. 

I found, however, that when a gas flame was on the verge of 
its smoky condition, a tangent to the curve would almost always 
pass through the origin, showing that, for a limited range of con- 
sumption at that point, the light is proportional to the consump- 
tion. 

One other point was also very apparent : that such is the influ- 
ence of the burner upon the flame, in order to get the best result 
for any given consumption, the burner must be adapted to that par- 
ticular consumption. 



2. On thb Examination of the Bessemeb Flame with Col- 
osxn GiiAssEs, AND WITH THB Spectsoscofb. By Justus 
M. Sn.T.TMAN, of Easton, Pa. 

I. Mcamination with Cclored Glasses. 

In the Bessemer process, the progress of the decarbonization is 
determined chiefly by the appearance of the smoke, flame, and 
sparks which are emitted from the apparatus. Owing to the 
rapidity with which the reactions take place, it is highly important 
to catch the exact moment when the blast should be turned off. 
This is indicated by the color and brightness of the stream of gas 
issuing fi'om the converter, and by this the moment of total decar- 
bonization can generally be accurately determined by the naked 
eye. When, however, pig-iron of certain qualities is used (man- 
{^niferons iron, for' example) this determination is very difficult ; 
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even those who have had much experience make frequent mistakes, 
and find it impossible to produce the same quality of steel at 
every blow. 

In order to intensify these flame-indications, use has been made 
of the spectroscope, and also of various combinations of colored 
glasses. The former was first attempted by Dr. Roscoe, and the 
latter by Mr. Rowan at the Atlas Works. 

Mr. Rowan experimented with a great variety of colored glasses, 
and obtained the best results by using three glasses, two of ultra- 
marine blue, and one of dark yellow. This little instrument, or 
chromopyrometer, as he terms it, is now in daily use at the Atlas 
Works, its indications being so marked and unmistakable as to ren- 
der its use safe in the most inexperienced hands. 

The following experiments were made at the Bessemer Steel 
Works of John A. Griswold & Co., in Troy, while pursuing the 
chemical course in the Winslow Laboratory of the Rensselaer Pol- 
ytechnic Institute. In my observations on the flame I made use 
of the spectroscope, and also of a combination of colored glasses. 
This combination consisted of two light-yellow glasses and a blue 
one, through which the sunlight appeared of a deep purplish-blue 
tint; and as it differed slightly from Rowan's, it gave somewhat 
different results. 

In order to reproduce the appearance of the flame at the differ- 
ent stages of the process, I prepared a plate consisting of about a 
hundred varieties of colors and tints, all of which were numbered, 
and thus referred to a table which indicated their composition. 
They were also arranged to be seen with either a light or dark 
background. The use of this plate was of necessity limited to 
daylight, but the illustration and description are given as occur- 
ring at night in order to show its illuminatmg power. 

At the beginning of the process that which issues from the con- 
verter does not appear to be a true flame, but only an illumined 
stream of gas carrying with it innumerable red-hot pellets of iron. 
This gas has scarcely any illuminating power, extends but a short 
distance from the mouth of the converter, and is sometimes sheathed 
with a whitish smoke. Seen through the glasses the flame and 
sparks have a deep crimson color, the converter is invisible, and at 
the base of the flame is a crimson band, which continues through- 
out the process. 

As the reaction continues, this stream of gas grows brighter and 
more elongated, and after a few minutes a small pointed whitish 
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flame appears, which suddenly increases in size. At this instant 
the blast-pressure falls from twenty to eighteen pounds. 

When viewed through the glasses the upper part of the conver- 
ter comes dimly into view, and the flame and pellets of iron 
appear of a lighter color, while the fragments of slag which begin 
to be thrown out are of a deep red. This difference in shade 
between the iron and slag thrown out is probably entirely owing 
to the lower temperature of the latter, for the reason that while 
the iron is discharged from the metallic bath the slag is washed up 
on the sides of the converter, and can be seen clinging around its 
mouth in a spongy mass until detached and thrown out by the 
blast. The greater porosity of the slag and its consequent more 
rapid cooling would also cause a difference of temperature. 

In the second period the discharge of slag increases, and the 
flame is very bright and illuminating, with occasional dark streaks. 
Through the glasses at the beginning of this period the flame is of 
an ashy blue color with streaks and flashes of crimson ; the edges 
being sometimes of a purplish hue. At this point surrounding 
objects are illuminated, and the converter becomes distinctly visi- 
ble. A wreath of crimson is seen surrounding the flame where it 
strikes the chimney. By the middle of this period the crimson 
almost entirely disappears from the body of the flame, leaving only 
a slight cone at its base, and a border of greenish hue makes its 
appearance, and gradually grows more decided. Streaks of a 
dark-blue color are also seen in the body of the flame. 

The beginning of the third period is scarcely indicated to the 
naked eye, though the flame becomes somewhat weakened, and 
after a few minutes shows dark streaks running through it. 
Through the glasses at the commencement of this period the rose- 
colored cone begins to expand and deepen, the greenish sheath is 
more decided, while streaks of dark and green are visible. After 
a few minutes the change becomes very rapid, a few seconds only 
being required to reduce the flame from rose-color to the deep 
crimson non-illuminating gas, as at first, and again the converter is 
lost to view, by which time the blast should have been turned off. 

The gradual fading of the crimson from the beginning of the 
blow, and its deepening at the termination of the process, as well 
as the crimson band at the base of the flame, and the wreath of 
crimson surrounding the flame at the chimney, tend to confirm Mr. 
Rowan's views, which are, that the different shades of crimson are 
due to changes of temperature. The stream of gas which comes 
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from the mouth of the converter at the beginning of the process, 
being illuminated from within, derives its color from the metallic 
bath, the temperature of which, owing to the combustion of sili- 
con, increases more rapidly during this period than at any other. 

The crimson band at the base of the flame, and the wreath of 
crimson at the chimney, might also be accounted for by this 
theory. The flame rushing from the mouth of the converter has a 
tendency to create a vacuum at its base around the converter's 
edge, and thus to cause a wreath of flame to pass over this surface 
and by consequent cooling produce the crimson band. The wreath 
of crimson at the chimney may be also due to the cooling of the 
flame consequent upon deflection. 

It is true we have a seeming contradiction to this theory in the 
rose-colored cone extending from the base at the centre, which we 
would naturally consider the hottest part of the flame ; but, as in 
the flame of the Bunsen burner the hottest part is in its outer 
sheath, the conditions of combustion in both being similar, it is 
probable that that part of the flame occupied by the cone is at a 
lower temperature than that surrounding it. 

The green streaks in the flame are most intense when the man- 
ganese spectrum is brightest ; and, as the color of the flame when 
the spiegeleisen is added is also green, we are led to suppose them 
due to the presence of manganese. 

On two occasions simultaneous observations were made with the 
spectroscope and the colored glasses ; but, with the exception of 
that just mentioned, and the changes at the commencement and 
termination of the blow, no striking coincidence was noticed. 

n. MsamincUion vAth the Spectroscope. 

The science of spectrum analysis is yet in its infancy, and there 
has been no scientific investigation, perhaps, which has been more 
contradictory in its results than that of the Bessemer flame. The 
first application of the spectroscope to the analysis of the Besse- 
mer flame was made in 1862 by Dr. Roscoe at the works of Messrs. 
John Brown & Co., in Sheffield. Soon after this, it was in constant 
use in Brown's works for controlling the process. It was next 
introduced at Creiire, and from there said to have been taken to 
Seraing, in Belgium, in 1865. 

Roscoe's account of the general appearance of the spectrum has 
not altogether been verified by subsequent observers. His fail- 
ure to see any line beyond 80^ indicates an imperfection in his 
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mBtmment. He, also, is the only one who claims to have seen the 
sodium line as an absorption band, or who professes to have de- 
tected the lines of nitrogen and hydrogen in the Bessemer spec- 
trum. His spectroscope was so arranged that the spectrum of the 
Bessemer flame was seen in the upper half of the field of view, 
while the spectrum with which it was to be compared was seen 
inmiediately below. The spectrum of the flame was thus com- 
pared with the following spectra : — 

1. Spectrum of electric discharge in carbonic oxide vacuum. 

2. " '* strong spark between silver poles in air. 

4. «« *• •• " " •« •♦ «• hydrogen. 

5. Solar spectrum. 

6. Carbon spectrum — ozyhydrogen blowpipe supplied with defiant gas 

and oxygen. 

The coincidences observed were very few, and totally failed to 
explain the value of the Bessemer spectrum. The lines of the 
well-known carbon spectrum did not occur at all, either as bright 
lines or absorption bands, nor was any coincidence observed be- 
tween the lines of the Bessemer spectrum and those of the car- 
bonic oxide vacuum tube. The lines of lithium, sodium, and 
potassium, were strongly marked and identified with certainty. 
He found that three fine, bright lines between JS and d, shown on 
the plate at 66^°, 67°, 67 J% coincided with those of iron ; and in 
place of the red hydrogen line (7, he discovered a black band 
which he considered an absorption-band, and states that it is bet- 
ter defined in wet than in dry weather. 

In Austria, Prof. Lielegg followed up this subject with great 
perseverance, and gave more extended accounts of the varying 
character of the Bessemer spectrum during the different stages of 
the process. His experiments were made at Gratz, where the 
spectroscope ,was afterwards used with great success in controlling 
the Bessemer process ; but at Konigshtttte, where dark gray man- 
ganiferous iron was used, it was found that the indications which 
in other works so plainly determined the moment of decarboniza- 
tion were unreliable. In this case, the lines whose disappearance 
is to indicate the exact point of time for ending the process dis- 
appear too soon. During the period in which the spectrum is 
brightest, among the glowing vapors and gases that stream from 
the converter carbonic oxide next to nitrogen is most abundant ; 
and it is tor this reason that the first investigator, Roscoe, expressed 
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himself as confident that the numerous lines of the spectrum were 
caused by this gas, although he could obtain no coincidence. 

Brunner * states that " no part of the Bessemer spectrum is ever 
yisible in the flame when the converter is heated for the first time 
after being relined, but that when the lining is not new Lielegg's 
group of green lines (CO7) appears in the spectrum, which then 
contains also the lines of potassium, sodium, and lithium.'' From 
which he concludes that this spectrum is not to be identified with 
carbonic oxide, but must be produced by other constituents of pig- 
iron. Others state that the Bessemer spectrum is sometimes 
visible while the converter is being heated after a blow. I made 
an obser^'^ation of the flame from the converter while it was being 
heated the first time after being relined, and obtained with great 
distinctness the potassium, lithium, and sodium lines, but have not, 
under any circumstances, detected any other lines while the con- 
verter was being reheated. 

Lichtenfels, by a series of simultaneous comparisons of the man- 
ganese with the Bessemer spectrum, found the lines in the blue and 
green fields to completely harmonize in the two spectra. The vio- 
let manganese line, which had been seen by some, he could not 
detect in either of the spectra. I have never observed it, but Dr. 
Wedding, who has summed up the observations of others, states 
that he has repeatedly seen it. Its position is at 135^^. 

The instrument used in my investigations was constructed by 
Alvan Clark, of Cambridge, and consists of an equiangular flint- 
glass prism, in a metallic box, into the sides of which at the 
requisite angles are screwed an inverting telescope with a magni- 
fying power of six, and a tube containing the adjustable slit and 
lens for rendering the rays parallel ; also a tube with a scale, which 
is placed at such an angle that it is reflected from the sur&ce of 
the prism through the telescope to the eye ; it can be so adjusted 
as to appear along the upper edge of the spectrum. I was provided 
with Bunsen's plates of spectra on a large scale, and, in order to 
adapt them to the scale in my instrument, I took the spectrum of 
the sun and obtained Fraunhofer's lines with great distinctness. 
Two characteristic lines in the solar spectrum were then noted, one 
of which appeared at 37^, and the other at 117^, and a space mea- 
sured equal to their distance apart as given on Bunsen's scale. 
This was divided into eighty equal parts, and the division extended 
in both directions. By the application of this scale to Bunsen's, I 

•Van NoitraDd'f Eclectic Eng. Mag., vol. i., p. 608. ^ 
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found that the remainder of Fraunhofer's lines in mj instrument 
exactly coincided with their position on his plates. The correct- 
ness of the new scale was also proved by other coincidences. By 
moving the prism, Fraunhofer's lines will vary slightly in their 
relative distances apart, but in no possible position in which I 
might place the prism could I obtain the sun-spectrum as given by 
Wedding in connection with the Bessemer spectrum ; if the spec- 
trum given by him was obtained by the use of bisulphide of carbon 
in his prism, that substance causes a greater variation than I had 
supposed. 

I have recorded the results of twenty-five observations on the 
Bessemer flame, most of which were taken at a distance of about 
thirty feet from the flame, though I have stationed myself at inter- 
mediate points between that and the flame ; at one time sitting so 
close as to be almost scorched. Nearly all my observations were 
made at night, and the lines obtained were much better defined 
than when seen in diflused sunlight. 

The record of my observations was kept as follows: — Five 
columns were ruled, headed — 

I Degree. | Color. | Brightness. | Time. | Remarks. | 

Note was made of the dark bands as well as the bright ones, 
both of which were classed according to their distinctness, as very 
bright, bright, faint, and very faint. In the time-column was noted 
the number of minutes after the commencement of the blow at 
which the lines appear. 

At the first two or three observations I attempted to make a 
thorough note of the changes as they occurred throughout the 
whole spectrum, but afterward abandoned it as utterly impossible, 
as at the beginning of the second period the lines come in so fast, 
and the changes are so rapid, that they cannot be accurately noted 
at the exact moment of their occurrence. I therefore confined 
myself to a few degrees at each observation, and by this method 
was enabled to note accurately, and at the exact moment of their 
occurrence, slight changes which might otherwise have escaped 
notice. Note was also taken of the changes in the general appear- 
ance of the whole spectrum during the successive stages of the 
process. After having made half a dozen observations, while 
viewing the spectrum of the flame from the converter when it was 
being heated for another charge, it was discovered that a move- 
ment of the eye before the eye-glass occasioned a similar move- 
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ment of the lines of the spectrnm along the scale, on which their 
position could thus be made to differ more than half a degree. I 
have seen no notice of this in the statements of others, and it may 
account for some of the apparent discrepancies. Thereafter, when 
taking the readings of any of the lines, the position of the eye was 
so adjusted as to bring the sodium line exactly at 50^. Owing to 
the extreme brilliancy of the flame the aperture may be made ex- 
ceedingly narrow, and thus the many lines of the spectrum, which 
with a duller light and broader gauge would be blended together, 
may be separated. 

At the beginning of the blow, the spectrum is continuous and 
very faint, and generally extends from 36® to 120% covering about 
three-fourths of the length attained in the second period. This 
increases slightly in extent and brightness until the appearance of 
the sodium line. This line appears at the end of the first period 
at the beginning of a more decided flame. It comes flashing 
through from one extremity to the other for an instant, and then 
disappears only to return the next instant in brighter flashes, which 
are continued for about a minute, by which time the line becomes 
permanently established. On one occasion the sodium line, instead 
of flashing and disappearing as usual, continued visible after a few 
seconds, s^nd expanded and contracted in width almost isochro- 
nously until it became permanently established. The appearance 
of this line indicates the termination of the first period. This 
period I have found to vary in extent fi-om three to seventeen 
minutes in blows lasting from thirteen to twenty-seven minutes. 
None of the other lines make their appearance in vivid flashes as 
does the sodiura. The lithium line becomes visible three or four 
minutes after the first flash of the sodium. It is very faint at first, 
but soon becomes quite distinct, and lasts through the blow. The 
vivid flashing of the sodium line may be accounted for by the ex- 
ceedingly small amount of sodium required to produce its spectrum 
— an amount not exceeding TViyxriiTTTirTT ^^ ^ grain. The slightest 
momentary combustion taking place in the stream of gas from the 
converter would at that instant render glowing a suflicient amount 
of the vaporized sodium to produce its spectrum, and thus occasion 
the flashes so characteristic in the first appearance of that line. 
Lithium exists in a much smaller quantity and requires ^iFD^vifir ^^ 
a grain, or thirty times that given for sodium. By the time the 
lithium line is established the red potassium line at 23^% and occsr 
sionally the violet line at 135% appear, and the blue and green 
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fields become divided into bands, which are so rapidly resolved 
into bright and dark lines that it is difficult to note the exact 
time of the appearance of each. The spectrum increases to a daz- 
zling brightness, and extends itself in both directions until it 
reaches from 23^'' to 140''. 

During the third period the spectrum becomes more brilliant, 
and the lines more distinct. Several new lines make their appear- 
ance in different parts of the spectrum, of which the ones at 51^^, 
57% and 67% are well defined, while others are faint, and not always 
visible ; some of them appearing only toward the close of the last 
period. In viewing the lines in the most refi*acted part of the 
spectrum, it has been repeatedly observed, both by myself and 
others, that these lines were more strongly marked when entering 
the eye at an angle than when viewed directly. That this was not 
imagination is proved by repeated identification of lines at the 
same point on the scale. 

At the termination of the blow, the lines are rapidly swept 
away, sometimes in the inverse order of their appearance, but 
more generally they disappear within the space of two or three 
seconds, leaving a continuous spectrum as at first, though some- 
what brighter. Sometimes the sodium and lithium lines are swept 
away with the others, and at other times they remain visible. In 
either case the change is very decided, and does not generally 
occupy more than three seconds. In the course of my observa- 
tions, thirty-three lines have been detected, as given in the table 
below. 

Some of the lines given by Lielegg I have failed to find, but 
have detected others not given by him. 
1st Period, 23 J, 35, 50, 135. 
2d Period, 23^, 35, 43, 44, 44), 45^, 46, 47^ 48), 50, 52, 53, 56, 56^, 

61i, 62, 62i, 63, 65, 66J, 67 J, 70, 72, 120, 135. 
3d Period, 23^, 35, 43, 44, 44^, 45^, 46, 47^, 48i, 50, 51^, 52, 53, 56, 
56i, 57, 61i, 62, 62^, 63, 65, 66^, 67, 67^, 70, 72, 100, 
102, 103, 105, 108, 135. 

Among the dark bands detected, the most intense occurred at 
44-46, 51-55, 56-58, 62-64^ ; others were found at 33-34^ 36^, 
87J, 38J, 40, 68-72. 

Many of the dark bands were crossed by bright lines. 

I have repeatedly observed the dark band considered by Roscoe 
to be a hydrogen absorption line, but have not noticed that its 
intensity varied with the dampness of the weather. Whether it is 
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an absorption band or not can be determined by a series of obsenra* 
tions continued through wet and dry weather. If this proves to 
be a hydrogen line, the Bessemer spectrum will be found more 
complicated than is generally supposed. It has been thought by 
some that the dark bands in the spectrum are absorption lines doe 
to the cooling of the outer sheath of flame, but it is more probable 
that, although the pellets of iron and slag tend to produce a &int 
continuous spectrum, in contrast with the very brilliant lines 
it appears discontinuous, the dark bands being merely intervals 
between the bright ones. The iron spectrum has not been satisfac- 
torily identified. It has been suggested that the brightness and 
size of the lines of the Bessemer spectrum do not allow the iron 
lines to appear. In comparing the Bessemer spectrum with Bun- 
sen's spectra of nickel, cobalt, and calcium, no coincidences were 
observed except two or three in the latter spectrum. The brightest 
calcium line, however, was not visible in the Bessemer spectrum. 
The Bessemer spectrum contains yet many mysteries to be solved, 
among which is the cause of the non-appearance of the lines of the 
spectrum at the beginning and termination of the blow. 

This was readily solved when the numerous lines of the spec- 
trum were attributed to carbon, but in proving them to be caused 
principally by manganese their disappearance is not so readily 
accounted for. 

One theory to account for it is, that the luminous power of the 
flame is too small at the beginning and end of the process to pro- 
duce a spectrum. In regard to this it may readily be shown that 
the brilliancy of the spectra of incandescent metallic vapors does 
not depend upon the illuminating power of a flame, but upon the 
heat of the flame into which they are introduced. For instance, 
the spectra are more distinct in the non-luminous flame of a Bun* 
sen lamp than in the ordinary luminous gas-flame. If we take the 
theory as referring to the feebleness of light given off by those sub- 
stances in the flame, which produce the spectrum, it will resolve 
itself into the one of change of temperature, notwithstanding the 
fact that the illuminating power of flames of the same temperature 
varies with the composition of the gas, because there is evidently 
enough sodium in the flame to give its characteristic line : hence, 
whatever might be the illuminating power of the flame, if the heat 
is sufficiently intense the sodium line unU show itself 

Dr. Wedding adopts the theory that the absence of the spectrum 
at the beginning and termination of the blow is because the abso* 
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late quantity of the bodies volatilized prodacing the Bpeotmm is at 
these times too smaU. His reasouH for holding this view are as 
tbllows : ^ A trace of sodiain will gi^e its characteristic line, bnt, 
aocoi'diDg to Simmler, a rauch larger qaanti\;y of manganese ia 
needed to obtain a incognizable ceactiou than that which can be 
detected by the well-known blow-pipe reaction with carbonate of 
soda. Consequently, spectrum analysis does not depend alone 
upon the presence of a body, but also upon the presence of a cer- 
tain quantity. And although manganese is always left in the iron, it 
may not be le^ in sufficient quantity at the tennination of the blow 
to produce the spect.rum, aud for this reason the lines disappear." 

To this theory tbei'e are some strong objections. Ist. If we 
take manganese in sufficient quantity, and hold it in a flame, the 
spectrum will increase in bi'ightness until a uniform temperature is 
attained ; but when the amount of manganese vapoiized begins to 
diminish, its spectrimi will gradually deci'ease in brightness until 
it disappears. Now, if the disappearance of the manganese lines 
in the Bessemer spectrum is owing to the diminution of the quan- 
tity of manganese, we should infer that these lines would graduaUy 
grow more indistinct, and. then fade away ; but, on the contrary, 
the manganese spectrum iuci'eases in brilliancy from its first ap- 
pearance, and IS more intense just before being swept away than at 
any other time. The analysis of the smoke, which appears when 
the flame ceases, proves that a considerable quantity u still volati- 
lized, and it is notable that in mangan]fB]x>ufi iron this quantity 
increases towaixls the close of the blow. 2d. It would be more 
difficult to accouut by this theoiy for the non-appearance of the 
sodium line at the beginning of the blow, as sodium then in all 
probability exists in the issuing gas in sufficient quantity to pro- 
duce its spectrum at a high temperature, as it is only by special 
precaution that we can keep it out from any flame. 8d. A still 
greater difficulty would arise in applying this theoiy to the spectra 
of sodium and lithium at the dose of the blow. As has before 
been stated these lines sometimes disappear at the moment of com- 
plete decarbonization, and sometimes remain. In the former case, 
to say that our friend sodium had given out would be doing great 
injustice to that element, as it has never given us reason for brings 
ing so grave a charge against it. Dr. Wedding, in attempting to 
demonstrate that the non-appearance of the manganese lines is 
owing to the lack of sufficient quantity volatilized to produce its 
spectrum, makes the following statement: — 

▲• A. A. 8. VOL. XIZ. 17 
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From analyses made by Brunner we find that the manganese 
contained m the iron falls from 3.460 per cent in the raw material 
to 1.645, 0.429, and finally to 0.113 per cent in the decarbonized 
product; and that the protoxide of manganese in the slag first 
increases from 37.00 per cent to 37.90 per cent, and then sinks to 
32.23 per cent, and, frirthermore, that a certain quantity of manga- 
nese is to be found in the smoke. How much manganese is really 
lost by volatilization cannot be determined, since data are wanting 
as to the absolute quantity of slag and iron ; consequently we can- 
not determine how much manganese has been lost by means of the 
eruptions. 

But since the manganese contained in the pig-iron decreases con- 
stantly, and that contained in the slag after the termination of the 
boiling period also decreases, a considerable volatilization of this 
body is probable just at the time when the spectrum is best devel- 
oped. Comparing with this the experiments that can be made in 
the laboratory we arrive at the hypothesis, that the oxidized man- 
ganese which has entered into the slag is not volatilized, but is 
retained by the slag ; it can, therefore, get into the flame only in 
the shape of solid or fluid combinations. 

In the above statements the results of the analysis prove that 
some of the manganese in the slag is volatilized. We cannot con- 
sider the manganese spectrum during the entire process as due 
wholly to the volatilization of the manganese directly from the 
iron, for while the amount eliminated from the iron grows continu- 
ally less, the manganese spectrum grows brighter. Owing to the 
intimate mixture by the blast of the iron and slag, the manganese 
oxide contained in the latter is brought in contact with the melted 
iron and vaporized. The mixing of the slag and iron would cease 
at the termination of the process, and this would account for the 
sudden diminution of smoke. 

If there were a sufficient carbonic oxide flame to render the 
escaping gases glowing, it is evident they would not issue from the 
converter as dark smoke, but as incandescent vapor, having its 
characteristic spectrum. The lack of sufficient flame may, therefore, 
account for the disappearance of the manganese spectrum. The 
Bessemer flame presents other problems, and opens an intensely 
interesting field for scientific investigation ; and, by the use of more 
delicate instruments than have yet been employed for this purpose, 
discoveries may be made which will throw new light upon the sub- 
ject of spectrum analysis. 
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3. On Ambbican Ibon Sands. By T. S. Hunt, of Montreal, 

Canada. 

(Abstract) 

Thb presence of black iron sands upon many sea beaches has 
long been noticed both in Eorope and America. Their origin is 
to be found in the crystalline rocks, from the disintegration of 
which these sands have been derived. The action of the waves, 
by virtue of the greater specific gravity of these sands, effects a 
process of concentration, so that considerable layers of nearly pure 
black sand are often found on shores exposed to wind and tide. 
These black sands vary in composition according to the localities, 
but, as found on the coast of New England and the Gulf of St. 
Lawrence, consist of magnetic oxide of iron, with a large admix- 
ture of titaniferous iron ore, and more or less garnet, the purest 
specimens holding from thirty to fifty per cent of magnetic grains. 
Such sands have long been employed as sources of iron in India, 
where they are directly converted in small furnaces into malleable 
iron. Early in the last century the considerable quantities of these 
sands found on our Atlantic coast attracted the attention of the 
colonists and of scientific men in England, and the Virginia sand- 
iron, as it was called, was the subject of many experiments. The 
first successful attempts at working it were, however, made in Eil- 
lingworth, Conn., where the Rev. Jabez Elliot, grandson of the 
celebrated John Elliot, the apostle of the Indians, early turned his 
attention to the abundant black sands of the coast, and succeeded 
in treating them in a forge fire similar to the Grerman forge or 
modem American bloomary fire. It appears ft'om his account, laid 
before the Royal Society of London in 1761, that he was then 
making iron blooms of fifty pounds weight from this ore, and that 
his son had already established a steel factory in Edllingworth, 
when an act of the British Parliament forbade the manufacture of 
steel in the colonies. The London Society of Arts, in 1761, 
awarded a medal to Mr. Elliot for his discovery. The working, 
however, was abandoned, and for a century no attempts were made 
in America to use these sands. Some four years since the large 
quantities of them in the lower St. Lawrence attracted attention, 
and successftil trials were made for their reduction in the bloomary 
fires of NorthcFU New York ; after which an establishment for 
working them was greeted at Moisie in the Gulf ot St. Law- 
rence, where, under the direction of skilled workmen from Lake 
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Champlain, the treatment of these iron sands has bee^ successfblly 
cai-ried on. These sand ores are remarkably free from both sulphur 
and phosphorus, and hence yield an iron of great purity and 
toughness. The working is effected in forges like those used on 
Lake Cbamplain, and presents no difficulties. 



4. The Parallel Stsl£ on Indented Cross-lines on Rock 
Cbtstal. By Lewis Fetjchtwangeb, of New York, N. T. 

It is not my intention to give here a monograph of quartz or 
rock-crystal ; the mineralogical works have mostly done so. But 
the peculiar phenomena, which I had often had occasion to 
observe, while examining specimens of quartz in my cabinet 
from the various localities, and particularly those from the 
hot springs in the Ozark Mountains, attracted my particular 
attention, and I have thought that a part brought with me 
for the inspection of the members of the Association may 
be interesting, and may lead to further investigations. I 
allude principally to the parallel stris, which are deep indented 
lines drawn across the prismatic faces, as if with a diamond or 
other harder mineral than quartz, showing, however, only on alter- 
nate sides ; t. e^ one side having the lines, and the rest possessing a 
smooth surface. The form of all these crystals is the same as 
those from all other localities, mostly six-sided prisms with pyram- 
idal terminations, and in many other modifications, some widely 
differing from those from other localities. Such, for example, are 
the flattened crystals, in which the original and primitive obtuse 
rhombohedron is totally converted into a flat, obtuse pyramid ter- 
minated on both ends, and the crystals crossing each other and 
displaying the greatest diversity of forms, such as no other min- 
eral species does, but extremely beautiful in appearance. Among 
the specimens herewith presented is a fine hexahedral loose crys- 
tal from Brazil, called the Brazilian pebble, mostly used in the arts 
for spectacles and lenses. It is perfectly limpid, showing on the 
surface some interruption during the process of crystallization. 
The large black six-sided prism from St. Gothard displays no disturb- 
ance; nor does the North Carolina group show any lines. The 
one fit>m New Hampshire, inclosing needles of rutile, displays 
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BOine lines wide apart ; that from Placerville, Cal^ whicb is found 
as a large boulder among the auriferous sandstone, has no external 
lines, but appears to be d'Serent on the inside, although of a white 
color. The specimen from Dauphin^ in Prance, presents a very 
^ne group of regular prismatic crystals, which abound there in 
drusy cavities in the mica-slate. The quartz in the form of pseudo- 
morphous sandstone from Fontainebleau, near Paris, the many 
fine pseudo-morphic calcites frxmi Saxony, the fluor pseudo-morphs 
from Devonshire, and the fine rock-crystals fix)m Cornwall, Eng- 
land, which are dug out in the slate quarries, all show smooth sur- 
faces, without those peculiar cross-lines displayed in the specimens 
from the Hot Springs, and those which are found in CoUyer Creek, 
at the Walnut and North Forks, which are tributaries of the Oua- 
chita River, in Montgomery County, Ark., about thirty miles distant 
from the famous springs. It may, however, be seen that the 
opaque quartz crystals, which are studded with many octahedral 
crystals of arkansite, and are found mostly on the surfiu^, in a 
place called Magnet Cove, do not show any marked lines, but 
other incongruities. 

Dr. Beck, in part third of the «* Natural History of New York," 
says that that State is particularly rich in quartz, including the 
transparent, highly crystallized varieties, the rock-crystal, and that 
the specimens present beautiful iridescence, both superficially and 
internally ; that they also enclose foreign substances, such as anthra- 
cite, bitumen, titanic oxide of iron, etc. ; moreover, that probably 
no part of the world afibrds more beautiful and more interesting 
crystalline forms than Herkimer County; that he had examined 
many hundred modifications of the quartz crystals in the several 
counties, and that, on account of the large number of localities, he 
could describe only the most important, which are celebrated for 
their mineralogical specimens. Ceitain it is that no mineral 
species afibrds such a vast variety of forms as does the quartz 
family, and may be classed, in this respect, next to the calcspar, 
which yielded to Breithaupt eight hundred modifications. 

The chemical constituents of quartz are very simple, but its 
physical properties are very complicated ; and by looking only at 
these isolated quartz crystals of the size of a pin's l^esidy terminated 
at both ends, and as perfect in form and color as the largest, I 
cannot help admiring the wonderful mysteries of a Supreme 
Power, which has laid loose in the ground of Middleville the 
young sprouts of crystals, to grow up to the difierent gigantic 
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sizes, such as we find in Ulster, Lewis, and Herkimer Counties, of 
the State of New York, In fact, although every county is noted 
• for quartz crystals, the forms of many localities differ from each 
other ; for I can easily distinguish one from another by their pecu- 
liar terminations and modifications, especially those from Herkimer 
County, which appear to possess some post-natal crystals ; for 
you will perceive in a majority of them cavities having the 
outline of a pentagonal dodecahedron, which, in some instances, 
are filled up again by smaller or larger regular prismatic crystals, 
and in some the cavities are left unfilled. It appears to me that 
this characteristic feature makes the Herkimer County quartz crys- 
tals the most interesting in the world ; and independently of that, 
let me remark, that although the Herkimer County crystals are in 
general very clear and beautiful, possessing much refractory power, 
almost equalling the diamond, still they contain many foreign sub- 
stances, such as anthracite, air bubbles, or drops of water, and 
appear to have undergone much disturbance during their crystalli- 
zation. 

In returning to the main object of this paper, it remains to me a 
matter of serious reflection how the sharp lines have been produced 
in those Arkansas crystals, and to which of the great agencies in 
nature we shall ascribe this wonderful phenomenon. Has the post- 
natal, second crystallization of liquid quartz produced these regular 
marks, and how often has it taken place before growing to its pres- 
ent form, and at what stage of crystallization have these beauti- 
ful, flat-faced crystals been metamorphosed from their regular 
prismatic forms, with pyramidal terminations ? 

The philosophera of the eighteenth century, such as Boyle, 
Geoffi-ey, and Toumefort, entertained many crude theories of the 
origin and formation of stones, mostly, however, following up the 
original ideas of Pliny and Theophrastus, which all tended to 
prove that Neptunism was the sole cause, and that stones grew like 
plants, and still continue to grow. 

Boyle maintains, with many plausible reasons, good enough for 
those early days, — for Boerhave, in his edition of 1751, devotes 
much space in supporting Boyle's theory, — that every thing in 
nature was originally in a fluid condition : that the stones prove it, 
by the following reasons : first, their transparency ; second, their 
geometrical forms, which bear analogy to many mineral salts, like 
alum, nitre, vitriol, etc., which, when left to crystallization, pro- 
duce stones; third, on account of their texture. He says that 
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Bilver or salts coagulate into masses of a thin, flaky contexture, 
which he found in divers gems, even with the naked eye, and 
appearing to him full of parallel commissures, made by the con- 
tiguous wedges of little, thin plates of stone, lying one over 
another, like the leaves of a book a little open, and that the micro- 
scope discovers a parallel structure in the most compact of all, the 
diamond, whence proceeds what they call the grain of those 
stones, and the difficulty, nay, impossibility, of clearing them 
against this grain without breaking. Fourth, the color of stones 
being derived from some coloring matter which could not be so 
well imparted to them unless in a state of fluidity, — accordingly, 
many gems have been deprived of their color by continued heat- 
ing; fifth, the many heterogeneous substances being frequently 
found enclosed in solid gems. 

Geof^ey ascribes crystallization to two different juices, — the 
stony, or crystalline, and the vegetable juices, — which may be sep- 
arated by an all-pervading fluid or earth, creating thereby the 
crystals and forms of stones and plants on their evaporization. 

Toumefort deduces stones ab ovo. Nature, according to him, 
observes one general law in the production of plants, stones, and 
metals, all of which he supposes to arise from their several seeds, 
and to grow analogously. He foimd, however, that some stones 
grow like plants. He also advances many curious theories to 
account for the existence of round pebbles. The similarity of 
pseudo-morphism with post-natal growth might throw light on 
this question, if it were not for this difference, that the pseudo- 
morphs assume the forms of other minerals, intruding upon their 
natural forms when some local alterations in the structure of the 
original mineral substance take place, as may be seen in some of 
my specimens, the crystalline forms of calcareous spar, fluor-spar, 
and baryta, siderite, etc., filling spaces and cavities of quartz crys- 
tals ; post-natalism, on the other hand, refers to cavities left vacant 
by former crystals, and filled with the same substance either fully or 
partially, but invariably by the same substance, with perhaps some 
modification of the crystalline forms. While the quartz was still 
fluid, and undergoing either the paragenetic or post-natal states, 
many foreign minerals have made their appearance. Thus we 
daily see topaz, corundum, chrysoberyl, garnet, hornblende, and 
pyroxene, asbestos, zeolites, and calcites, rutile, hematite, goethite, 
magnetite, gold, silver, anthracite, etc., all penetrating the quartz 
rock when still in a fluid state. 
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It is evident, therefore, that quartz is more suitable to undergo 
such metamorphoses than any other mineral substance, owing 
to its wonderfol physical and chemical characteristics. It belongs 
to the great fisonily of sand, or sandstone rock. Silica, or oxide of 
silicum, constitutes one-fourth of the earth's crust ; one-half of 
granite and gneiss rocks, and two-thirds of the mica-schist roofing- 
slate ; in many localities the rocks consist entirely of pure silica ; 
the bottom of the ocean and lakes and rivers is formed of gran- 
ules of quartz rock. Quartz is represented in all geologic ages 
and periods, from the azoic to the tertiary, and even to the present 
era, of which the geysers and hot-springs give ample proo£ The 
peculiar characteristics of quartz are its great hardness, insol- 
ubility, and resistance to chemical and atmospheric agents, its 
infusibility, but capability of being acted upon by heat in the 
presence of the least trace of an alkali, to be readily dissolved, 
and to enter into new combinations, or fill with quartz fissures and 
cavities among the rocks. Thus veins are fi:)nned which either 
harden or are changed into new substances, and present the 
strange phenomena which led me to the present inquiry. , 

Whether the remarks or hints here thrown out, as a partial ex- 
planation of the wonderful forms of rock-crystal, have fully satisfied 
my audieoce is doubtfuL These phenomena, as well as many 
others daily taking place around us, have never yet been satisfiio- 
torily explained. 
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1. Elasticity as a Featubb in Physics. By S. J. Wallace, 
of Keokuk, Iowa. 

Elasticity is a principal element in Potential Physics, and 
a part in nearly every practical problem. It modifies every action 
of force ; and every important result requires of it special condi- 
tions. 

It is a well-known &Gt. Many of its particular laws are distinct 
but its general principles are still obscure ; and the theory calls for a 
review of its ground, both as to what is fisust, and what hypothetia 
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Its Ifature, 

The nature of elasticity, as it is known to ns, is: — The condi- 
tion of matter or substantial agency, which enables it to receive 
and give off force as simple motion, or its virtual. 

The apparent forms of elasticity are not absolute, but depend on 
circumstances. It has three primary kinds of action : — 

1st. That of Pure SoUds, which act as entire bodies, without 
internal change. 

2d. That of Fluent Springs, which move their parts on each 
other, and forcibly return. 

8d. That of Compress Springs, which move their parts to or 
from each other, with return action. 

These actions are all present, to various extents, in all apparent 
cases. 

Usual Forms. 

The usual forms in which elasticity is shown, are : — 

1st. Hard Bodies, or any bodies with sudden action, which 
act like pure solids; and even fluids, gases, etc., if extremely 
intense. 

2d. Hard Bodies of most kinds, with graduated action, which 
act with small internal change under force, and forcibly react. 

3d. Bodies of various consistencies, which move their parts on 
each other under force, and have more or less tension for forcible 
recovery. 

4th. Liquids, of various consistency, which contract or expand 
their bulk under pressure, with tension to react to size only. 

5th. Gases, which contract or expand bulk under varied pres- 
sures, with tension to forcibly expand freely to any shape. 

6th. Vacuity, as apparent void, which rapidly conveys some 
forces, without a change of their form, direction, or quantity. 

The laws, features, and &cts of each of these form a branch of 
science. 

Usual HesuUs. 

The principal results of elastic action, as known, are : — 

Ist. The conveyance of force in virtual direct lines, with no 

change of kind or amount of force, as in the first and sixth stated 

forms. 
2d. The propagation of force into internal actions in the mass, 

with tendency to separate into direct, reverse, or diverted force, 

A. ▲« A. B. VOL. xiz. 18 
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of the same or some other form of force, as in the several inter- 
mediate stated forms. 

The first may be dne to the hardness of the ultimate particles ; 
and the second to peouliarities of union among the particles, and 
to the continuous forces which bear on the mass, to maintain it 
relatively. 

Incidenkxl JForms. 

The second stated result has several incidental ways of appear- 
ance : — 

1st. Bending; flexure between portions of body, direct. 

2d. Torsion ; twisting between parts of body, rotary. 

3d. Extension ; drawing out of body, direct. 

4th. Extension ; drawing in of body, direct. 

5th. Expansion ; increase of body, evolved. 

6th. Compression ; decrease of body, involved. 

7th. Fluence ; change of form, and relation of parts, relative. 

8th. Wave Vibration; tremor of vibration rmming through 
mass, direct. 

9th. Swing Vibration; tremor of parts swinging back and 
forth. 

10th. Mass Motion ; passage or revolution of body in q>ace as a 
whole. 

These are merely combinations of the prindples of action ; and 
have their several laws, of detail, potential formulas, and capadtisi 
for use. 

Virtual Theory. 

We may complete the actual theory with the virtual poteMy of 
the known facts, laws, and consistent hypotheses. 

It must depend upon the general laws and relations of physical 
beiQg, and on the internal structures and actions of masses. To 
reach it we can look to the most simple relations of the particles 
of matter and actions of the forces. This, perhaps, is to be found 
in the apparent state of vacuum, or the interstellar space, in a 
most favorable conditicm of being and action for definite study of 
prime relations. 

Jfi Vacuity. 

There are two forces, gravity and radiance, which pass the inter* 
stellar space with forcible fblness and variety. Their passage is 
by &r tbe most rapid of known aotion% and shows no ehange of 
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directions, and no loss, or dhange cf kind, of the forces, and other 
dear facts. 

These give important elements of the problem. They require 
of vacnity the highest possible condition of substance for con- 
veying force with rapidity and purity: the free motion of a body 
in space, the most pure transmission of force ; and there is no 
known limit to its possible speed through vacancy. But as -the 
interstellar space contains continuous actions in an infinitude of 
directions, there must be intierminable interferences. This becomes 
a feature of the problem, and requires a review of the essential 
and potential terms involved. 

JForce. 

The essential nature of physical force is supposed to be: — The 
movement or action of substance in space during a time, with 
definite portions and directions obstructive to each other, and com- 
municable from part to part of substance by contact, and equal 
exchange of opposing energies in action and reaction, with a 
series of forms of forces that severally have laws, and exist under 
ranges of drcumstancesi and capacity of change between forms in 
series. 

This requires the vacuous medium to consist of substance, and 
that it shall be in continual motion in all directions among its 
parts, limitedly. 

Substance. 

The essential nature of physical substance is supposed to be : — 
The simple obstructive occupancy of a space during a time, with 
definite portions haviag extent and place, and capacity to hold 
co-proportions of force by rates of action in space and time, quali- 
fied by the fonn and law of the force, with determinative law- 
forces, and separable parts acting in diverse tmions and forms, and 
showing diverse kinds, qualities, and relations to each other. 

This requires existence of substance in a state of finely separa- 
ble particles, extremely small, with interspaces or capacity for rela- 
tive intermotion or action ; and difierent aggregations. 

PotenHal State. 

The particles of substance in vacuous q)ace, as well as in gases, 
etc., are supposed to be *< held in a state of elastic equilibrium," 
by which uniform distribution is caused, and forces interpaased by 
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repulsive or other impulses. But how could such a state be com- 
posed ? It must result from the nature and action of the particles 
themselves. And there are two types of ideas ; that either, — 

Ist. The particles may be expansible and compressible, or have 
coverings of such a nature, and inter-extend in space according to 
pressure, or 

2d. They may be small, simple, hard, and free to move in space 
in any direction for conveyance and exchange of force, by contact. 

They differ in whether particles are hard bodies in a vacancy, or 
are compressible with or without vacancy. This raises the ques- 
tion : What are the laws of transmission of force through sub- 
stance of various consistencies, and with various kinds of action ? 
This remains a physical problem. 

Impressions, 

From what is known the facts are suspected to be like these : — 

1st. Hard solids transmit force faster than compressibles. 

2d. Compressibles are liable to either retain, or to divert into 
other directions or forms of force, a portion of force-actions. 

3d. Simple mass-motion in direct lines through unimpeding 
space is the most swift transmission, with some not yet known 
term of relation between size and consistence of bodies, the forms 
of forces, and the resultant velocities. 

4th. Exchange of forces by contact is more quick and complete 
between hard solids than compressibles. 

5th. Therefore the interstellar space has its particles, simple hard 
solids, separated in free space or in unions, in constant action, con- 
veying force in all directions ; each body moving in a single direct 
line till it comes in contact with another, when instant exchange of 
forces occurs, and the body passes in the direction of the new force ; 
conveying forces in right lines without change ; showing tension 
for expansion, capacity for fluency, for compression of bulk and 
return, with continual intermixture, and uniform distribution in 
space. 

Further Considerations. 

The forms of force, gravity, and radiance, which freely pass the 
interstellar space, differ in velocity, gravity being, perhaps, many 
times the most rapid. Radiance is probably wave vibration, and 
has a range of sub-forms differing in the rapidity of repetition, with 
different kinds of effects, as heat, light, and actinic rays, but all 



MOLECULAB PHYSICS. 141 

hETing a common speed in space. And it is possible that gravity 
and other forces may have a like nature in themselves. 

No force is confined to a single absolute speed ; for its base of 
origin may have motion to or fro in the line of force, adding to or 
taking from the absolute rate in space ; with a possible range of 
variation double the highest possible speed of its source. This 
raises a question of rates of light in astronomy, and corrections ; 
and, also, the question of approximation of character among the 
forces by their approximations of velocity, but leaves still wider 
difiTerences. 

How do velocities of force so different as gravity and. radiance 
come to take place through one medium, while in radiance sev- 
eral forms of force have different wave-lengths, with but one rate of 
speed in space ? Sound resembles radiance very much in this and 
other respects, having several forms with a single rate of speed, 
which is near that of air flowing into a vacuum. This analogy 
and fact may give a question of relation between the power of a 
medium to convey a vibration, and that to convey initiate force 
as mass-motion ; and, with some other facts, may raise a suspicion 
that each force may have an appropriate grade or consistency of 
medium for passage or action, more or less extensive ; in which, 
perhaps, besides sizes of movable parts to suit wave-lengths, 
small, simple, free parts, as units of action, may give greater ra- 
pidity in space than when the amount of each impulse is so large 
as to extend an action through more complex bodies and masses. 

Classes of Force. 

Gravity and radiance represent two classes of forces. Light, 
heat rays, actinic rays, heat, chemical action, and electricity are 
closely correlated and interchangeable, and act with proportion to 
the chemical equivalents of matter ; while gravity, mass-motion, 
etc., have also like close relations, and act with proportion to '* in- 
ertia," or capacity for "mass" force. The two proportions are 
very different. The two classes have between their parts regular 
co-rates of energy ; but each class has its different rate of capacity 
for each element and combination of matter, without direct rela- 
tions between them. 
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hypothesis. 

We can, to meet such a state, suppose gravity, mass-motion, etc^ 
to represent the action of unit particles, perhaps alike in all mat- 
ter ; and radiance, chemical action, etc., to represent the action of 
nnit atoms formed by unions of the particles, and forming the sev- 
eral elements, each unit of action conveying a proportion of force 
regular for its class; and that the relative differences for each 
element may arise from the relative number of unit particles that 
go to form an atom unit of the element, while the relative di^ 
ferences of speed of the classes of forces may arise from the rela- 
tive ease of quickly communicating full force of impulse through 
the whole body of the unit, supposing the atoms to be permanent 
unions of particles, in which the particles have some interaction 
among themselves as units. 

Other sizes of mass and consistencies may also form units of 
action for other impulses of force, forming other kinds or classes 
of forces, with correspondingly larger and slower wave vibrations. 

Qtdestion. 

But what cause holds the particles in particular unions as atoms? 
This is ground for a variety of speculations. We could imagine 
they were created together of such interlocked shapes that they 
must remain ; or that their shapes were such that, in the ever 
beating of impulses from all sides, they would find a condition of 
relative rest together; and other suppositions. But, in fact, this 
resolves itself into the whole broad question of all apparent attrac- 
tions of matter in all sized masses. It is evident it must result 
from some ever-acting force; and if the f6rces are repulsive 
waves, how do they show an attractive action? That they do so 
has become a fiuniliar idea, which has a certain plausibility in 
hypothesis. 

Supposition, 

The wave forces of gravity, passing through the tenuous sub- 
stance of space, are supposed to strike masses of more dense mat- 
ter, and to cause mass-motion when the masses are not supported 
on all sides alike. The impulses are supposed to come from all 
directions continuously ; but are supposed to be weaker on the 
sides toward other dense matter, because the dense matter is sup- 
posed, according to its amount, to take up or stop the repulsive 
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power of the force in passing it; thns making an apparent attrac- 
tion between masses of master as the result of constant pressures 
without inter-opposition. 

Difficulty. 

But how does a dense mass stop the force of gravity from pass- 
ing it toward all sides? It cannot move to all sides in mass- 
motion so as to take up all passing forces at once. And this is 
requisite to meet the case ; for gravity acts on all sides of all mat- 
ter, without regard to its motion. 

This &ct destroys the supposition, unless some other term is 
found to interpose; for force must continue to exist, and to act 

Suggestion, 

Then what becomes of the intercepted force? The solution 
must rise from some law of force action. The different forces find 
different mediums which vary in suitability for action ; and when a 
force meets an unsuited medium it may either be, — 

1st. Deflected from its line of direction, in various ways, as in 
light, etc., or 

2d. Changed into some other fonn of force, as motion into 
heat, etc. 

Now, if the impulse of gravity force is changed into some other 
form of force, when entering dense matter, then it is possible for it 
to proceed in its course in the form of another force not so readily 
convertible into mass motion, and give the required term. 

C(yndu8ion. 

If gravity and its congeners, — adhesion, cohesion, mass-motion, 
and perhaps others, — as principals, and the other forces as second- 
aries, all interchangeable, with different degrees of facility, hold 
masses of matter together, or in particular states, by constant 
action, as reviewed in these statements and suppositions; then 
we have a basis for the theory of elastic action, but requiring yet 
the laws to be developed and discovered* 
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2. On the Assumption that Matter is Impenetbable. By 
H. F. Walling, of Easton, Penn. 

In treatises upon physical science, the assumption is usually 
made as a fundamental principle or axiom, that matter possesses a 
property called impenetrability^ by virtue of which every body 
excludes every other body from simultaneously occupying the 
same space with itself. 

I^ however, we examine this assumption in the light of modem 
molecular science, I think it will not prove to be so axiomatic as it 
has been considered, and that another cause may be assigned for 
the powerful resistance which appears to be developed when two 
bodies are made to encroach upon each other towards a simulta- 
neous occupation of the same space. At the same time it must be 
admitted that the apparent resistance becomes practically invinci- 
ble if the encroachment continues, its augmentation being espe- 
cially rapid in liquids and solids. 

In attempting to indicate the true cause of these observed 
effects, I propose to make no new assumptions, but, on the con- 
trary, to exclude the one already mentioned, as well as the equiva- 
lent one embodied in the theory of Boscovich ; namely, that any 
two atoms repel'each other at minute distances with a force which 
becomes infinite as the distance between them becomes infinitely 
small. 

We have only to admit that the law of gravitation applies to 
atoms, and that no resistance to motion arises even when two or 
more atoms arrive at the same point, except that occasioned by 
gravitation itself. It obviously follows that, if two atoms are mov- 
ing directly towards each other, the momentum imparted by mutual 
gravitation will carry each of them through and beyond the posi- 
tion of the other. A tendency to subsequent separation is thus 
produced, corresponding in its intensity to the enormous velocity 
generated by the continually increasing acceleration maintained 
during the approach of colliding atoms ; and it is this dynamic 
tendency to separate — constituting, it is true, what we may call a 
virtual repulsion, and not impenetrability or any real repidsion — 
that causes apparent resistance to mutual interpenetration. This 
virtual repulsion, however, though it does not prevent the actual 
occupation of the same position by two or more atoms during a 
single instant, limits the continuance of this occupation to an 
indefinitely small period of time. 
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The question naturally arises here, Why, if ^toios are not impen- 
etrable, should bodies, which are merely aggregations of atoms, 
not in contact with each other, offer resistance to the passage of 
other bodies through the positions occupied by themselves ? The 
answer is simple. The only resistances which occur are similar to 
those which retard the motions of individual atoms. Each indi- 
vidual of the entire aggregate moves with perfect freedom in the 
path of the resultant force, made up of mutual gravitation, which 
acts upon it. Indeed, it is only in solid bodies, or those where the 
motions of the individual atoms are such as to maintain what is 
oalled rigidity of form, that an appearance of such a resistance is 
found. 

When two or more gases are brought together, they rapidly dif- 
jRise themselves throughout the space which they jointly occupy in 
such a manner that if any portion of the mixture, however minute, 
be examined, it will be found to contain each of the component 
gases in the exact proportions of the entire mixture, a fact which 
seems to indicate that, sensibly, at least, a complete mutual inter- 
penetration has been effected. The same thing is true of liquids 
which are mutually soluble. True, if no chemical union occurs, 
the entire bulk of the mixed gases is equal before and after the 
mixture; but may we not suppose that this is due, not to impene- 
trability, but to the production of a virtual repulsion by the dynamio 
force of the moving atoms in the manner already described? 

In discussing the apparent resistance mutually developed when 
solids impinge, it becomes important to understand how their 
rigidity of form is maintained. A hypothetical explanation of 
this has been advanced in papers read by me at previous meetings 
of this Association. It may be briefly repeated that each physical 
molecule of a solid body is supposed to be composed of three cir- 
cular or elliptical rings, made up of simple atoms or chemical 
molecules, whose distances apart are very small in comparison with 
the dimensions of the rings or orbits. These three rings revolve 
about a common centre of gravity in three different planes at right 
or oblique angles to each other, the inclination of the planes and 
ellipticity of the orbits being determined by the relative weight of 
the three rings which revolve in dynamic equilibrium. Six poles 
are formed by the crossings of the three rings, at which the gravi- 
tating force is augmented, and this determines them as mutual 
points of attachment for adjacent molecules, thereby constituting 
crystalline or cohesive attraction, adhesion being the result of 
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attachments of adjacent molecules at points other than the crystal- 
line poles. The rings themselves have a fibrons character due to 
the close approximation of the atoms, which imparts a certain ten- 
sile strength ; that is, a necessity for performing work in separating 
them. An entire crystal is held together in each plane of orbital 
motion somewhat after the manner of a latticed truss, whence is 
derived its rigidity of form. 

To cause liquefaction an increase of atomic velocity, or of heat, 
must be effected, producing such a tendency to eccentricity that 
the extremities of one of the conjugate diameters which unite op- 
posite crystalline poles in each orbital ring are detached from those 
adjacent, and the rigidity disappears. If the atomic velocity be 
still frirther increased, the orbits become unclosed and hyperbolic, 
causing the liquid to become a liquid or gas. 

Returning now to solids: when two of them, with their net- 
works of interlinked orbits, are made to impinge, accelerations and 
retardations of atomic velocity are produced in such directions in 
all the orbits that each impinging body is moved en masse away 
from the other ; or if the contact is maintained by pressure, a coun- 
teracting force is developed, producing increased velocities, and 
consequent tendencies to expansion in the ring-orbits, in other 
words a counter-pressure, which is transmitted through each body, 
from molecule to molecule, and which is in effect a virtual repul- 
sion between the two bodies. 

Admitting a dynamic hypothesis of this kind to be tenable, it 
follows that the gravitations of atoms, with the momenta produced 
thereby, are adequate to produce the apparent resistances to en- 
croachment between bodies which are brought into collision, both 
as to change of form and to reduction of bulk. Hence, if we adopt 
the first philosophical rule of Newton to ^ admit no more causes 
of things than such as are both true and sufficient to explain their 
appearances," we must discard the notion of impenetrability as one 
of those supposed causes which have become, unnecessary to ex- 
plain appearances. 
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3. RSHABKABLE CaSS OF FrEEZIKG FrESH WaTEB IN PiPES 

SuBMEBOED TEf Salt Watek. By W. W. Wheildon, of 
Boston, Mass. 

In the summer of 1868, the Mystic Water Board, having charge 
of the Charlestown Water Works, determined to lay an eight-inch 
pipe from their service main, near the westerly end of Maiden 
Bridge, in Charlestown, across Mystic River, for the supply of the 
City Institution, and several private parties on that side of the 
river. The source of supply for these Works is Mystic Lake, situa- 
ted in the towns of Medford and Winchester, about five miles 
from the City Hall in Charlestown. The water is conveyed in a 
viaduct of brick masonry from the upper part of the lake, about 
one and a half miles, crossing Mystic River, its outlet, where the 
stream is very small, to the pumping-house at the foot of Walnut 
Hill, in the southerly part of Medford. Here it is forced by steam 
pumps through a thirty-inch pipe, 8277 feet in length, to the height 
of 147 feet above tide-water level, into the reservoir near Tufts 
College. From the reservoir it is conveyed to the city, nearly 
three miles, through a twenty-four-inch iron pipe. At the point 
above mentioned, near the Maiden Bridge, an eight-inch pipe was 
inserted into the main, and laid underground to the shore of the 
river ; there passing down the abutment wall to the bed of the 
stream. Following the line of the bridge on its upper side, it 
was laid in the soft mud, gradually descending towards the channel, 
passing through which, on the bottom, it was continued on the 
flats to the opposite shore, where it passed through the abutment, 
and was continued along the highway. At the abutments, and 
over a portion of the flats at low tide, the pipe was exposed to the 
weather ; and, to prevent freezing, orders were given by the Board 
to allow the water to run from some of the service-pipes, day and 
night, during the cold weather. 

The whole length of the eight-inch pipe from the main was 3,854 
feet ; 806 feet only being in the river from shore to shore. Of 
this 805 feet, about 800 feet were covered with the salt water at 
all times of tide, a portion of it being fourteen feet below the sur- 
face at low tide. The pipe used was what is known as ^ Ward's 
spherical joint" pipe, which adjusts itself to the irregularities of 
the river-bed. For some time the arrangement worked satisfacto- 
rily, and the benefit of abundance of pure water at the City Insti- 
tution was fully appreciated. 

On the night of the 12th of December, however, after a very 



148 A. MATHEMATICS, PHT8IGB, AKD CHXMISTBY. 

cold term (the mercury falling to ten or fifteen degrees below zero), 
the free running of the water from the service-pipes was nearly 
stopped, under the belief that the weather had so moderated that 
there was no danger of freezing. The next day no water could be 
obtained from the sendee-pipes, in a stable near the bridge, or at 
any other point. It soon became probable that the water was 
frozen in the pipe, and upon examination this was found to be the 
case : the pipe was filled with ice for the entire distance across the 
river, although the largest portion of it was from one to fourteen 
feet under water at low tide. By means of a diver the pipe was 
bored in mid-channel, as it had been at other points, and every- 
where it was found to be filled with ice, showing that the immer- 
sion in salt water had not protected it from frost when the water 
in the pipe was wholly or partially at rest. 

The fresh water when it left the reservoir was, no doubt, at a 
low temperature, which would not be much raised in flowing 
rapidly a distance of two miles in the main pipe, although under- 
ground, — so that it must have been near the freezing point of 
fresh water, or 32° Fahr., when it entered the eight-inch pipe. The 
water in the channel of the river, after the tide had run out, flow- 
ing over the flats and shallow bed above the bridge, was, no doubt, 
reduced below 82° (freezing only at 29°), especially as it was in 
constant agitation. Therefore the fresh water in the pipe in the 
channel, upon being stopped, would almost immediately be frozen, 
as it was encompassed by water below its freezing point of 32% 
just as it would if surrounded by air below its freezing point. The 
Mystic River, above Maiden Bridge, where the flats are of consid- 
erable extent on both shores, forming a large open bay at high 
water, is said to be remarkable for what is called ^ anchor-ice," 
forming on the bottom of the river. 

A few years ago the water pipe of the Cochituate Water Works, 
passing across the creek between Chelsea and East Boston, waa 
found to be frozen in the same way as the above ; and in this case 
the pipe was not exposed to the weather, but wa8 submerged at all 
times. A water pipe from the Mystic Works, at one of the 
wharves in Charlestown, for the supply of fresh water to steam 
vessels, is kept from freezing by allowing it to run to waste in cold 
weather, and no difiSculty has been experienced in its use. It ap- 
pears to be certain that fresh water will freeze, in pipes submerged 
in salt water, when the temperature of the latter is below 82% unless 
kept running, although ice will not foim in the salt water excepting 
at the temperature of 29^^ 
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B. NATURAL HISTORY. 



I. GEOLOGY AND PALiEONTOLOGY. 

1. The Laukentian Apatites of Canada. By Gordon Broome, 
of Montreal, Canada. 

The object of this notice is to direct attention to several points 
of interest connected with the Apatite deposits of North Burgess, 
together with notes resulting from the chemical analysis of speci- 
mens collected by the author, during the summer of 1870, whilst 
yisiting th^ district on behalf of the Geological Survey of 
Canada. 

The aspect presented by the entire region is broken and rugged, 
crystalline Laurentian rocks being abundantly exposed over a large 
proportion of the total area, whilst the superficial soils are gener- 
ally of little depth, though often not deficient in fertility. These 
irregularities of surface do not, however, attain to primary physi- 
cal importance ; but the whole country is thickly sprinkled with 
barren knolls of Laurentian gneisses and granitic rocks, whilst the 
lowlands are frequently either occupied by lakes, of which there 
are a great number, or by heavily timbered swamps or mouses. 
Occasionally, also, table-lands of minor importance occur ; being 
formed by a somewhat thin capping of coarse-grained sandstones 
or conglomerates of the Potsdam Group (Zone primordiale of M. 
Barraude), horizontally and unconformably overlying the upturned 
and denuded Laurentian rocks. 

The district derives its chief importance from the occurrence in 
it of abundant supplies of the phosphate of lime. Apatite, a min- 
eral of great and increasing economic importance, as well as of 
considerable scientific interest. 

These deposits were partially described in the "Geology of 
Canada, 1863,'' as well as in subsequent Reports of the Geological 
Survey, so that it is proposed only to notice those localities, 
which may fairly be taken as types of the rest, and to offer a few 
suggestions as to the probable origin of the mineral, referring 
those who may desire a more detailed acquaintance with these 
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subjects to a Report on the Economic Greology of a part of Lanark 
County, which the author is now preparing for the Greological 
Survey. 

Perhaps the best and most typical examples of the usual mode 
of occurrence of Apatite in this district are afforded by the numer- 
ous exposures upon the north shore of Rideau Lake (lots four to 
ten in Concession V. of N. Burgess), whence much mineral has been 
extracted by the Rideau Mining Company, and especially by the 
veins upon the fourth lot, which are very numerous, have their 
walls exceedingly well defined, and their courses exactly parallel, 
viz., north northwest and south southeast (magnetic). They pass 
down vertically through a roughly stratified Laurentian gneiss, 
which dips eastward at a high angle, and possesses great hardness, 
together with a singularly homogeneous and fine-grained texture. 
The contents of these veins are almost always finely crystallized, 
consisting of a beautiful rose-pink calcite, enclosing numerous 
crystals of Apatite, some of which are of gigantic dimensions. 
Veins, or broad bands of dark magnesian mica (belonging to the 
species Phlogopite), commonly form part of the main lode, being 
often characteristic of the walls, and occasionally irregularly inter- 
secting the entire deposit. 

The following section, measuring the veins at right angles to 
their strike, taken on the banks of the Rideau, will show that, in a 
space of about 76.5 yards, no less than seventeen parallel veins 
were discovered, having an average breadth of one foot. 

None of these veins exceed the " Crystal Lode," belonging to 
the second series of the above section, either in dimensions, or in 
the beauty with which their constituents are grouped together. 
It has an average width of fifteen feet, and is mainly composed of 
pink calcite, containing very many crystals of Apatite, varying in 
size from those weighing two or three hundred pounds to others 
scarcely discernible without the aid of a lens. 
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SscnoN OF Apatite Ybins forming a Fibst Sebies upon 

THE NOBTH ShOBE OF LaKE RiDEAU. 



No. 


Bnadtb. 


Chancter. 




ft. in. 




1. 


1 — 6. 


Tolerably pore Apatite with large plates of mica. 




4 — 6. 


gneiss — more gramtoid thAn usual wiUi this rock. 


2. 


2 — 0. 


same as No. 1. 




16 — 0. 


gneiss. 


8. 


— 9.5 


Apatite — much caldte. 




11—0. 


gneiss. 


4. 


— 8. 


same as No. 8. 




18—0. 


gneiss. 


6. 


1 — 6. 


same as Nos. 8. and 4. 




1 — 0. 


gneiss. 


6. 


1 — 6. 


Apatite. 




15 — 0. 


gneiss. 


7. 


— 8. 


Apatite. 




5 — 0. 


gneiss. 


8. 


0—8. 


Apatite. 




27 — 0. 


gneiss. 


9. 


1 — 1. 


Apatite. 




80 — 0. 


gneiss. 


10. 


— 6. 


Apatite with pyroxene. 




18 — 0. 


gneiss. 


11. 


— 9. 


Banded Apatite. 




9 — 0. 


gneiss. 




(2 — 0. 


large miea plates. 


12. 


Jl — 6. 


gneissose rock. 




^0—1.5 


Apatite. 




10 — 6. 


gneiss. 


18. 


— 8. 


Apatite. 




18 — 0. 


gneiss. 


14. 


0—8. 


Apatite. 




5 — 8. 


gneiss. 


16. 


1 — 4. 


Apatite. 




9 — 0. 


gneiss. 


16. 


2 — 0. 


Apatite. 




24 — 0. 


gneiss. 

Brecciated vein with Apatite. 

« 


17. 


— 6. 



Total Breadth, 76 yds. 1 ft 7 in. 



Section of Sebies II. 



No. 


Bntdth. 


ChoiMter. 


1. 
2. 
8. 


ft. In. 

— 6. 
15 — 0. 

8 — 9. 
24 — 0. 
15 — 0. 


Conftised yein of mica with Apatite. 

gneiss. 

Banded Vein. 

gneiss. 

the " Crystal Vem." 
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Section of Vein 2. Series II^ showing the Banded, ok 

"Ribbon'* Structube. 



ft. in. 

Mica in large plates with Apatite. . . , . . — 9. 

aear Apatite 1—6. 

Micaceous gDeiss (?) 1 — 6. 



Note. — A space of about 440 yards intenrenes between the veins of Series I. 
and those composing Series II. 



The main lode is intersected at yarioas angles by bands of dark 
mica (Phlogopite), occurring in fine hexagonal plates, and often 
imbedded in a pyroxenic base, whilst the walls are marked by 
similar ribs of from four to six inches in tbickness. In the earthy 
debris scattered thickly over the outcrop of the vein are found 
numerous Apatite crystals with brown weathered surfaces, and both 
ends of the prism roughly terminated ; whilst the vogues or caver- 
nous hollows, formed throughout the vein by solution of portions 
of the calcite, abound in similar fragmentary crystals. 

Not unfrequently other minerals may be observed within the 
Apatite crystals, among which mica and calc-spar are the most fre- 
quent. The mica itself often contains crystals of the spar, or 
minute prisms of Apatite ; whilst one very instructive example was 
obtained, that showed a large thick plate of mica, whicb had 
been apparently torn asunder, in the direction of its basal cleavage, 
and at the same time curved and twisted, the clefts being occupied 
by veinlets of clear sea-green fluophosphate of lime. 

On the whole it may be said that this remarkable vein has 
yielded to collectors the finest known specimens of Canadian 
Apatites. 

It will not be necessary to describe here any other of the Apa- 
tite veins of this district, all of which have a dip not far removed 
from the vertical, whilst most of them exhibit a marked tendency 
to parallelism of strike. Indeed, with regard to the strike of these 
lodes, it appears that there are two directions, the one, and the 
most frequent, approximately at right angles to the strike of the 
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enclosing metamorphic rocks, the other coinciding with their direc- 
tion, and often giving the deposit the appearance of being a bed, 
and not, as in reality all these deposits are, a true vein. 

Whether these two groups of veins had different ages of forma- 
tion, and ori^nated in fissures formed by forces acting at distinct 
epochs, the author has not at present been able to ascertain, owing 
to the extreme difliculty of tracing veins which have been mined 
to a very small extent only. 

Proceeding to inquire what relation the Apatite veins have to 
their country rock, we shall be able to arrive at certain facts with 
regard to the period of their formation, which are important as 
furnishing a reliable clew to the probable origin of the deposits. 

The veins are enclosed within stratified granites or gneisses of 
the Laurentian formation, and they appear to be most abundant in 
close proximity to those great bands of crystalline plumbaginous 
limestones, which may be traced for hundreds of miles over these 
Laurentian districts ; and, whilst they are entirely confined to these 
metamorphic rocks, and do not occur as veins in the overlying 
Potsdam sandstones, nevertheless fragments of Apatite, evidently 
derived from the denudation of the veins, have been observed in 
the very base of those sandstones. 

The sandstones are, as already stated, horizontally bedded, and 
entirely unconformable to the Laurentian rocks, which are much 
faulted ; and (on the tenth lot of Concession V . N. Burgess), in some 
instances, the Apatite veins are themselves faulted, their disloca- 
tions coinciding with the faults shown by the Laurentian gneisses, 
whilst the unconformably overlying sandstones are entirely undis- 
turbed. 

The period, therefore, at which these Apatites were formed into 
veins must be one anterior to that of the Potsdam Group ; and it 
follows that no theory which endeavors to refer the origin of the 
deposits to an organic source can be longer entertained, since the 
veins existed before the appearance of life upon the earth, except 
that of the Eozoon, and perhaps of some other organisms of an 
exceedingly simple and low type. The veins were consequently 
produced by inorganic agencies, and most probably in a manner 
exactly analogous to the formation of true mineral lodes ; viz., by 
deposition from aqueous solution, and usually fi-om solution in 
heated and alkaline waters. 

The finely glazed surfitces of the Apatite crystals, as well as the 
extreme frequency of rounded edges, especially those of the ter- 
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xninal faces, which are usually obtuse rhombohedra, and the fretted 
and hollowed appearances presented by many of the crystals, are 
evidently due to a partial removal of the mineral in a state of 
aqueous solution, such solution being effected, at least in part, by 
the action of waters impregnated with carbonic acid. 

To obtain direct evidence on this point a large quantity of finely 
pulverized and pure Apatite was placed in two hundred grammes 
of distilled water, through which a stream of carbouic acid gas 
was passed for about twenty-four hours, at a temperature of about 
60o Fahr. 

The loss of weight amounted to .070 grammes; and it may 
therefore be concluded that, under the conditions mentioned. Apa- 
tite is soluble in 2,857 parts of carbonated water. But it must be 
borne in mind that, in a mineral vein, two other conditions exist 
by which the solubility of the mineral would be greatly increased; 
viz., a high temperature, and a pressure much in excess of that 
existing at the surface: so that this reaction alone may justly be 
regarded as amply sufficient to carry Apatite into a vein, and 
deposit it there in crystals having a banded grouping, and bearing 
marks of the action of aqueous solution in their production.* 

Waters charged with carbonic acid share this power of dissolv- 
ing the mineral phosphate of lime with solutions of ammoniacal 
salts, and of the alkaline chlorides and nitrates ; and this fact pos- 
sesses, as Liebig has shown, not only geological interest, but is 
also of the greatest importance to the agriculturist in the selection 
and employment of mineral fertilizers. Thus, it was found that 
in chloride of potassium xAt parts of Apatite were dissolved by 
digestion for seven or eight days in the cold ; whilst a strong solu- 
tion of ammonic chloride removed y^^^ parts, under like condi- 
tions. 

When phosphate of lime is exposed to the action of waters 
holding alkaline carbonates in solution, a reaction is established, 
resulting in the production of carbonate of lime and a phosphate 
of the alkali ; and it is not unlikely that the rapidity of solution 

* Mr. L. Feuchtwanger, in a paper read before the American Association for 
the Advancement of Science, August, 1870» upon the Striation of Quarts Crys. 
tals, alluded to this phenomenon, showing a prism of Apatite with a regular per 
foration thus produced. The author believes that the very marked regularity of 
such apertures maj often be traced to the occurrence of smaller prisms within 
the larger crystals, and that these have given rise to the aperture, owing to 
their being more readily disintegrated and dissolved. 
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has been often angmented by this change, which at the same time 
may serve to account for the frequent occurrence of calcite within 
the crystals of Apatite. 

Bischof * enumerates all those rocks of the igneous type in which 
phosphates have been found, and further remarks that the existence 
of like compounds in many other non-sedimentary rocks may be 
indirectly inferred from the character of their vegetation, the 
chemical composition of their soils, and the nature of the minerals 
contained in their waters. 

Clemnkf and Forchhammer t have long since succeeded in de- 
monstrating the presence of phosphate of lime in sear-water ; and 
Dana remarks § that analyses of corals by Mr. B. Silliman, Jr., 
show that they contain small portions of the phosphate and fluo]> 
ide of lime, together with some silica, alumina, and sesquioxide of 
iron, these substances being present in quantities, which he con- 
siders amply sufficient to account for the presence of such miner- 
als as Apatite, Fluorite, and Chondrodite in many of the crystalline 
limestones. From these and other considerations, the author has 
been led to believe that these veins have been produced by purely 
inorganic agencies, at a period contemporaneous with the alteration 
of the Laurentian strata into the metamorphic granites and gneisses 
by which they are now represented, and prior to that at which 
the Potsdam sandstones were derived from the waste of the old 
Laurentian coasts. 

A certain zone of the Laurentian sediments, and generally of 
those contiguous to the limestones, which we may conclude were 
always of deep-sea origin, became, to some extent, charged with 
phosphate and fluoride of lime, derived from precipitation from 
solution; and when the rocks composing this belt were subse- 
quently upheaved, contorted, and metamorphosed, vein fissures 
were abundantly produced, which were gradually filled by Apatite 
and its concomitant minerals, deposited from their solutions in 
such a way as to give rise to their characteristic, ribbon structure. 

The veins so formed in the North Burgess District have not 
remained in their original form, but have been subjected to the 
same disturbing forces by which the rocks themselves were afiected ; 
and this is proved by the occurrence of brecciated and confiised 

* Chem. and Fhyi. Gfeol., pp. 28-41, vol. ii., Eng. Ed. 

t Joam. tar Prakt Chem., zzxir., 186. 

t Berzel. Jahenb., zzyi., 898. 

§ SiU. Amer. Journal (2), U., 1846. 
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yeins, bs well as of those ribs^ or subordinate yeins, of mica, by 
which the " Crystal Lode," and other veins, are intersected- In 
some cases there is evidence to show that this disturbance has 
been often repeated ; and it may be that the subordinate group of 
veins, whose direction coincides with the strike of the rocks, were 
produced during this subsequent re-arrangement. 

The following is an analysis of a portion of a pure crystal of 
Apatite, sea-green in color, with the usual prismatic form, and giv- 
ing specific gravity = 3.209 : — 

Phosphoric Acid 40.11 

Lime 48.01 

Calcic Fluoride 7.20 

Calcic Chloride 0.66 

Calcic Carbonate 3.61 

Insoluble traces 

Water 0.66 

100.24 

Tribasic Phosphate 88.12. 

Or, excluding impurities, such as carbonate of lime, we should 
have : — 

Phosphoric Acid 42.16 

Lime 60.47 

Calcic Fluoride 7.66 

100.19 



It may be remarked that the Red Apatites from this district, which 
are not uncommon, and form the whole of many veins, are deficient 
in the interest attached to those of Arendal and other localities, 
being free from phosphate of cerium, and deriving their tinge from 
the presence of a basic phosphate of iron, evidently formed from 
the action of the strings of hematite and pyrite which sometimes 
occur in connection with veins of red Apatite. 

This condensed notice of the Laurentian Apatites must for the 
present suffice ; but the author hopes to be able to continue the 
subject in a future communication, as it appears to afford a rich 
field for researches in Chemical Greology. 
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2. The Oil-bbabing Limestone of Chicago. By T. Stesby 
Hunt, of Montreal, Canada. 

(Abstract) 

When, in 1861, 1 first published my views on the origin of the 
petroleum of the West, I pointed out that the true source of it was 
to be looked for in certain limestones, long known to be oleiferous. 
These were the Coniferous, the Niagara, and the Trenton, and, in 
North-western Canada, strata regarded as of the Lower Helderberg 
age. I subsequently insisted still farther on the oleiferous charac- 
ter of the Coniferous in South-western Ontario, where it appears to 
be the source of the petroleum of that region. I have maintained, 
moreover, that the oil is indigenous to these and similar limestones, 
and has not been brought into them by any process of distillation 
or infiltration from other rock formations, such as the pyroschists 
of the Lower Silurian and Devonian. The reasons for this opinion 
are as follows : 1st, These pyroschists do not, except in rare calca- 
reous bands, contain any petroleum ; and their capacity to yield 
volatile hydrocarbons by destructive distillation, under the influ- 
ence of heat, — a property which they possess in common with peat, 
coal, wood, and most bodies of organic origin, — is all that can be 
affirmed of them. Moreover, the pyroschists in question nowhere 
present any evidence of having been exposed to a heat such as 
would be required for the generation of volatile hydrocarbons, and 
still hold their hydrocarbonaceous matters in a non-volatile condi- 
tion. 2d, The conditions in which the oils occur forbid the 
notion that they have been introduced by a process of distillation. 
This being naturally a process of ascension, the oils of the Upper 
Silurian and Devonian limestones of the West should have come 
from the Lower Silurian (TJtica) pyroschists ; but these are unal- 
tered, and the sandstones and shales between them and the oil- 
bearing limestones are destitute of petroleum. More than this, 
the Trenton limestone, which on Lake Huron and elsewhere has 
yielded considerable quantities of oil,. has no pyroschist or hydro- 
carbonaceous rock beneath it. Still another reason, which I 
pointed out many years since, is that the oil in the Coniferous 
limestone is confined to certain bands, or layers, in which it fills the 
pores and the cavities of fossil shells and corals ; while the sur- 
rounding portions, though equally porous, are entirely destitute of 
petroleum. 
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The only reasonable conclusion from all these facts would seem 
to be that the oil has been generated in the portions of rock which 
now contain it, or, at least, that it has existed there, in some form 
or other, since the first deposition of the rock. Its source I conceiye 
to have been a peculiar transformation of the organic matters 
which were enclosed in the forming limestone, resulting in the 
production of a compound destitute of orygen, and containing a 
maximum of hydrogen. The nature of this chemical process I 
have elsewhere explained in the ^' American Journal of Science,'' 
for March, 1863, and have, moreover, given reasons for supposing 
that many petroleums have been derived from animal organisms. 

The object of the present communication is to call attention to 
the vast quantities of ready-formed petroleum existing in the pores 
of the paleozoic limestones. In the vicinity of Chicago, Illinois, 
there is a mass of limestone, estimated by Mr. Worthen at from 
thirty-five to forty feet in thickness, which is throughout impreg- 
nated with petroleum, and is regarded as belonging to the Niagara 
formation. I selected from difierent levels in an open quarry near 
the city several specimens that were supposed to give an average 
of the oil-bearing limestone, which is in composition nearly a pure 
dolomite. Two portions of different lots of the broken-up rock 
were coarsely powdered and heated with hydrochloric acid in the 
cold, tiU the carbonates were dissolved, their weights being respec- 
tively one hundred and one hundred and thirty-eight grammes. 
From the insoluble residues the oil was extracted by ether ; and the 
oil, after evaporation in a water bath till it ceased to lose weight, 
was equal in the two trials to 1.570 and 1.505 per cent of the 
weight of the rock. It was reddish-brown in color, somewhat 
viscid, and^had a specific gravity of .935 at 62^ Fahr. Taking the 
density of the rock at 2.600, we have for the mean of the above 
determinations a volume of oil equal to 4.25 per cent of the rock ; so 
each square mile of it, one foot in thickness, would contain 1.184.832 
cubic feet, equal to 222,492 barrels, of forty gallons each. Taking 
the thickness of the oil-bearing limestone at thirty-five feet, we 
have thus, in each square mile, more than seven and three quarters 
millions of barrels of petroleum ; while the total produce of the 
Pennsylvania oil for the last ten years i^ estimated at only twenty- 
eight millions, or less than the contents of four square miles of a 
limestone bed like that of Chicago^ 

Although it woidd be possible to retract by proper solvents the 
oil from rocks like this, it is probable that so long as great natural 
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Bprings of petroleum are accessible, such a process will never be 
resorted to. The conditions under which such springs have been 
produced would seem, as I long since pointed out, to be the fis- 
Buring of the oil-bearing strata, connected with disturbances of the 
stratification, which have permitted a portion of the petroleum to 
flow out, and to accumulate in rents or cavities in the overlying 
rocks, which form natural reservoirs. So long as it is proved that 
the paleozoic limestones contain such enormous quantities of ready- 
formed indigenous petroleum as we have seen, it appears unneces- 
sary to resort to the gratuitous hypothesis of its production by 
destructive distillation from coals and pyroschists. 



3. Notes on GBAiaTB Rocks. By T. Stekby Hunt, of Mon- 
treal, Canada. 

(Abstract.) 

The name of granite, at first applied to a more or less granular 
composite rock, consisting essentially of orthoclase and quartz, 
with a portion of mica, has acquired a meaning both lithological 
and geological. Rocks possessing the characters just indicated 
occur in three very different geognostical relations: 1st, As 
clearly erupted, unstratified masses, which are intruded among 
stratified deposits, displacing them, and traversing the strata. 
2d, Stratified masses, which, by a more or less distinct lamination 
or parallel arrangement of the constituent elements, show a passage 
into what is often called granitic gneiss. Such masses present 
alternations of beds, varying somewhat in texture and in composi- 
tion ; and become in many cases interstratified with micaceous and 
quartzose strata, in such a manner as to show that they are all 
members of one contemporaneous stratified system. Such granitic 
rocks abound in the earlier geological series, for chemical reasons 
which I have elsewhere pointed out ; and hence granite has long 
been regarded as the primitive, or fundamental rock. !l^rom this 
notion, associated with the fact of the eruptive, unstratified char- 
acter of the granite rocks of the first class, has arisen the popular 
idea of a base of non-stratified granite, of igneous origin, which 
preceded all stratified formations. Such a base is, however, un- 
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known to the geologist ; and the widely spread granitic rocks 
which have given origin to this hypothesis are, for the most 
part, not eruptive, but stratified, belonging to the second class, or 
granitic gneisses. Such rocks may be designated indigenous gran- 
ites, to distinguish them from those of the first class, which, being 
foreign to the strata in which they occur, I have called exotic 
granites. 3d, There is a third class of granitic aggregates, difiTering 
in their geognostical relations from both of the preceding, which 
I have designated as endogenous, to call attention to the fact that 
they have been formed by a growth within the fissures, or cavities, 
which they now occupy. They are true veinstones, of aqueous 
origin, analogous in their mode of formation to those of quartz 
and calcite, which often form the gangue of metallic ores. Such 
veins in stratified rocks, more or less calcareous and magnesian, 
may contain, besides orthoclase and quartz, calcite, amphibole, and 
magnesian micas ; while, in rocks destitute of lime and magnesia, 
minerals containing these elements are absent from the veinstones, 
which assume the composition of granites. 

The principal object of this paper is to call attention to these 
endogenous, or veinstone granites, which constitute the pegmatites 
of some authors, and play a conspicuous part in the geology of 
some regions, where they are often confounded with eruptive, or 
exotic granites. Like these, they ai'e seen to be posterior in origin 
to the crystalline schists which enclose them. They are, however, 
distinguished from exotic granites by the fact that they are fre- 
quently the gangue of rare mineral species, such as beryl, tourma- 
line, lepidolite, apatite, cassiterite, etc., and by various peculi- 
arities. Thus, while exotic granites are comparatively fine-grained 
and uniform in texture, the endogenous veins, even if only a few 
inches in diameter, are often very coarse, holding broad, cleavable 
masses of orthoclase, and not unfrequently as large ones of hyaline 
quartz, the two minerals being often arranged in bands parallel 
with the walls of the vein. This banded structure is sometimes 
beautifully evident in granitic veins ; while at other times the 
aggregate assumes the character of graphic granite, or resembles 
very closely an exotic granite. These variations may sometimes 
be met with in the same vein. The size of these endogenous veins 
varies from a few lines to fifty feet or more in breadth. Nowhere, 
perhaps, can they be better studied than in the great belt of crys- 
talline schists which stretches through Eastern New England, from 
Maine to Connecticut. Thus, for example, in the townships of 
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Westbrook, Danville, Brunswick, Topsham, Bethel, and Riley, 
among others in Maine, endogenous granite veins, in great number 
and of large size, traverse the soft micaceous schists of the region, 
and, these having been worn down, the harder endogenous granites 
are very conspicuous. Interstratified with these same schists are 
great beds of fine-grained granitic gneiss, constituting an indige- 
nous granite. To these belong the so-called granites of Hallowell 
and Augusta, in Maine ; while examples of exotic, or eruptive 
granite, occur at Biddeford and Saco Pool. 



4. On the Fobmsb Existekce of Local Glaciebs tn the 
White Mountains. By Louis Agassiz, of Cambridge, 
Mass. 

TwENTT-THBEB ycars ago, when I first visited the White Moun- 
tains, in the summer of 1847, 1 noticed unmistakable evidences of 
the former existence of local glaciers. They were the more clear 
and impressive to me because I was then fresh from my investiga- 
tions of the glaciers in Switzerland. And yet, beyond this mere 
statement of the fact that such glaciers once existed here, I have 
never published a detailed account of my observations, for this 
simple reason, — that I could not then find any limit or any definite 
relation between the northern drift and the phenomena indicative 
of local White Mountain glaciers ; nor have I ever been able since 
to revisit the region for more careful examination. This year, a 
prolonged stay among these hills has enabled me to study this 
difiicult problem more closely ; and I am now prepared to show 
that the drift, so called, has the same general characteristics on 
the northern and southern sides of the White Mountains. 

Whatever, therefore, may have been the number of its higher 
peaks that at any given time during the glacial period rose 
above the great ice sheet which then covered the country, this 
mountain range ofiered no obstacle to the southward movement 
and progress of the northern ice fields. To the north of the 
White Mountains, as well as to the south, the northern drift con- 
sists of a paste more or less clayey or sandy, containing abraded 
fragments of a great variety of rocks so impacted into the minutely 
comminuted materials as to indicate neither stratification, nor 
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arrangement or sorting, determined by the form, size, or weight of 
these fragments. Large boulders, and pebbles of all sizes, are 
found in it throughout its thickness ; and these coarser materials 
have evidently been ground together with the clay and sand, 
under great pressure beneath heavy masses of ice, — for they bear 
all the characteristic marks so unmistakable now to those who are 
familiar with glacial action ; scratches, grooves, and farrows, etc 
These marks are rectilinear, but they cross each other at various 
angles, thus showing by the change in their direction that the frag- 
ments on which they occur, though held for a time in one and the 
same position, while these straight lines were engraved upon their 
surface, nevertheless changed that position more or less frequently. 
A few flatter fragments, with more angular outlines, show only 
one kind of scratches, having evidently been held for a longer 
time in the same position. This drift, however it may vary in its 
mineralogical compounds in different localities, exhibits everywhere 
the same characteristic treatment over the whole country, from the 
shores of the Atlantic to the Rocky Mountains and beyond. In 
the White Mountain region it has the same mineralogical charac- 
ter north and south of the range, and rests everywhere upon the 
well-known roches moutonnees, — in one word, upon the planed, 
grooved, polished, and scratched sur^Eices of the rocks underly- 
ing it. 

Observation has taught us that materials such as those 
described above, so combined, exhibiting the same characters on 
their surfaces, and having the same diversity of composition, and 
absence of all sorting or regular arrangements, occur now at the 
bottom of the great glaciers of our own time, and nowhere else, 
being found between the ice and the rocks over which it moves ; 
the result, in fact, of the grinding action of advancing glaciers. 
On account of their unvarying position I have called these deposits 
"ground moraines," because they are always resting upon the 
rocky floor of the country, between it and the under surface of the 
ice. Our typical, unaltered, so called northern drift is synonymous 
with the ground moraines of the present day, differing only in its 
greater extension. It is, in fact, a ground moraine spreading over 
the greatest part of the continent. All its characteristics, identical 
in every detail with those of the deposits underlying the present 
glaciers, show that it can only have been formed under a moving 
body of ice, held between it and the underlying mass of rock. 
The great ice sheet, the glacial period, which has fashioned the 
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drift, must therefore have been co-extensive with the distribution 
of the latter. It is very important to distinguish this drift from 
the moraines formed under other circumstances, and from the 
80 called erratics and perched blocks. Moraines, as commonly un- 
derstood, — that is, lateral and ftontal moraines, consisting of loose 
materials collected along the sides and at the terminus of a gla- 
cier, — always indicate, and, where undisturbed, actually define, the 
margins ol a moving mass of ice ; whereas the so-called median 
moraines, formed along the line of junction of the glaciers, are car- 
ried upon the back or upper surface of the ice, and always consist of 
angular materials, the shape and arrangement of which are deter- 
mined by their mode of accumulation. Just as among the glaciers 
of the present day we discriminate between ground moraines, 
lateral, frontal, and median moraines, so must we also distinguish 
between the same phenomena in past times. The glacial period 
had also its ground moraines, its lateral, its frontal, and its median 
moraines, its erratics and perched boulders. But the huge ground 
moraine of the earlier ice time stretched continuously, like the ice 
sheet under which it was formed, over the whole country, from the 
Arctic to the Southern States, and from the Atlantic to the Rocky 
Mountains. I do not speak of the Western slope of the Continent 
because I have not examined it personally. The great angular 
erratics of that period were scattered irregularly over the country 
as the few large boulders are scattered on the upper surface of a 
glacier now. It is the contact of the more limited phenomena of 
the local glaciers, which succeeded this all-embracing winter (their 
lateral, frontal, median, and limited ground moraines, and their 
erratics), with the more wide-spread and general features of the 
drift, that I have been able to trace in the White Mountains this 
summer. The limits of this paper will not allow me to do more 
than record the general facts ; but I hope to give them hereafter 
more in detail, and with fuller illustrations. The most difficult 
part of the investigation is the tracing of the erratics to their 
origin : it is far more intricate than the identification of the origin 
of ordinary drift, or of continuous moraines, because the solution 
of the problem can only be reached under favorable circumstances 
where boulders of the same kind of rock can be followed from 
distance to distance to the ledge in situ from which. they were 
detached. 

Now, in the neighborhood of the White Mountains, we find, 
beside the typical, or northern drift, large erratic boulders, as well as 
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lateral, frontal, and median moraines. A careM examination of 
these shows, beyond a doubt, that they came from the White 
Mountains, and not from the northern regions, since they overlie 
the typical drift, which they have only here and there removed or 
modified. A short description of the facts will leave no doubt 
upon this point. 

The finest lateral moraines in these regions may be seen along 
the hill-sides flanking the bed of the south branch of the Ammonoo- 
suc, north of the \'illage of Franconia. The best median moraines 
are to the east of Picket Hill and Round Hill. The latter mo- 
raines were formed by the confluence of the glacier which occupied 
the depression between the Haystack and Mount Lafayette and 
that which descended from the northern face of Lafayette itself 
These longitudinal moraines are particularly interesting as con- 
necting the erratic boulders on the north side of the Franconia 
range with that mountain mass, and showing that they are not 
northern boulders transported southwards, but boulders from a 
southern range transported northwards. But by far the most 
significant facts, showing the great extent of the local glaciers of 
the White Mountain range, as well as the most accessible and 
easily recognized, even by travellers not very familiar with glacial 
phenomena, are the terminal moraines to the north of Bethlehem 
Village, between it and the northern bend of the Ammonoosuc River. 
The lane starting from Bethlehem Street, following the Cemetery 
for a short distance, and hence trending northwards, cuts sixteen 
terminal moraines in a tract of about two miles. Some of these 
moraines are as distinct as any I know in Switzerland. They 
show unmistakably by their form that they were produced by the 
pressure of a glacier moving from south northwards. This is indi- 
cated by their abrupt southward slope, facing, that is, toward the 
Franconia range, while their northern face has a much gentler 
descent. The steeper slope of a moraine is always that resting 
against the glacier, while the . outer side is comparatively little 
inclined. The form of these moraines therefore, as well as their 
position, shows that they have come down from the Franconia 
Mountains. A few details concerning their location may not be 
out of place, in order that any visitor interested in the facts may 
readily find them without a guide. The ground to the north of 
Bethlehem slopes gently northward, and is not wooded for about 
half a mile from the street. Following the lane above mentioned, 
the fijTSt moraine reached skirts the edge of the wood, and near the 
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hoases of Mr. Phillips there are four others, more or less distinct, 
before reaching a little trout brook called " Barrett's Brook." The 
lane descends more rapidly towards the brook than before ; and, 
where the descent begins to be steep, the eye commands the space 
between the brook and a higher ground, on which stands a house 
owned by Henry McCulloch. Over that interval six very fine mo- 
raines may be counted, one of which is perhaps the finest speci- 
men of a terminal moraine I have ever seen. Beyond McCulloch's 
there are five more, not quite so distinct. The ground beyond the 
termination of the glacier of the Rhone, in Switzerland, is cele- 
brated for its many distinct concentric terminal moraines ; but here 
we have a field over which, within the same area^ a larger number 
of such moraines may be seen, and I believe that a pilgrimage to 
this spot would convert many a sceptic to the true faith concerning 
the transportation of erratic boulders, especially if he has seen 
the glaciers of the Rhone, and can compare the phenomena of the 
two localities. 

The Littleton road from Bethlehem, and the roads to Franconia 
Notch from both these towns, frequently intersect terminal moraines. 
Those familiar with the topography of the Franconia range, and 
its relation to Picket Hill and the slope of Bethlehem, will at once 
perceive that the glaciers which deposited the front moraine to 
the north of Bethlehem Village must have filled the Valley of 
Franconia to and above the level of the saddle of Picket Hill, 
making it at least fifteen hundred feet thick, if not more, — 
thicker, in short, than any of the present glaciers of Switzerland. 
It will be observed, also, that as soon as the northern portion of 
that glacier had retreated to the wall which encircles the Franco- 
nia Valley on the north, the glacier, occupying henceforth a more 
protected valley within the range, must have made a halt, and 
accumulated at this point — that is, south and west of the saddle of 
Picket Hill — a very large terminal moraine. This moraine actually 
exists to the present day, and is one of the most characteristic 
features of the distribution of erratics in these regions. From the 
moment the glacier was reduced to the level of Franconia bottom 
it must suddenly have vanished entirely from the whole valley, 
and thus it happens that no other large terminal moraines are 
seen between that just mentioned and the higher range of Fran- 
conia. 

Moraines similar to those observed on the northern side of the 
White Mountains exist also on their southern side, in the vicinity 
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of Centre Harbor. Lateral moraines may be traced at the foot of 
Red Hill, a little above Long Pond ; also, along Squam Lake. 
Median moraines are very distinct near Centre Harbor HoteL 
Terminal moraines are also numerous near Centre Harbor, and in 
the neighborhood of Meredith. At the southern end of Red Hill 
the lateral moraines bend westward, and show their connection 
with the terminal moraines. These facts, taken in their relation 
with those enumerated above, show that there were local glaciers on 
the southern as well as the northern slopes of the White Mountidn 
ranges, moving in opposite directions ; those on the northern slope 
moving northward, and those on the southern slope moving south- 
ward. I have seen no evidence thus far of these northern glaciers 
extending beyond the range of hills which separates the Ammonoo- 
sue River from the Connecticut River Valley west of Lancaster, 
nor have I traced the southern glaciers beyond Lake Winnepe- 
saukee. Traces of an eastern glacier, moving westward, may be 
seen near the Twin Mountain House ; but I have not examined 
that region with sufficient care to give minute particulars. 

All these moraines and traces of local glaciers overlie the typi- 
cal, or northern drift, so called, wherever the latter has not been 
entirely swept away by the local glaciers themselves ; thus show- 
ing that the great ice sheet is anterior to the local glacier, and not 
formed by a spreading of smaller pre-existing glaciers. At least, 
wherever I have recognized traces of circumscribed glaciers in 
regions where they no longer exist, it has always appeared to me 
that the minor areas covered by ice were remnants of a waning 
sheet of greater extent. If the glacial period set in by the enlarge- 
ment of limited glaciers already formed, and gradually spreading 
more and more widely, as Lyell and the geologists of his school 
suppose, the facts which would justify such a view are still to be 
made known. I have not seen a trace of them anywhere ; on the 
contrary, throughout the ranges of the Alps, in the Black Forest, 
the YoRges, as well as in the British Islands, in Scotland, Wales, 
and Ireland, I have everywhere satisfied myself that the more 
extensive the glaciated areas indicated by polished surfaces and 
moraines in any given locality, the older they are when compared 
with glacial phenomena circumscribed within narrow limits. 

It therefore follows from the facts enumerated above, as well as 
from a general consideration of the object, that the local glaciers 
of the White Mountains are of a more recent date than the great 
ice sheet which &8hioned the typical drifts. On another occasion I 
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hope to show that the action of the local glaciers of the White 
Mountains began to be circumscribed within the areas they have 
covered, after the typical drift had, in consequence of the melting 
of the northern ice sheet, been laid bare in the Middle States, in 
, Massachusetts and Connecticut, after even the southern portions of 
Vermont, New Hampshire, and Maine had been freed, and when 
the White Mountains, the Adirondacks, and the Katahdin range 
were the only ice-clad peaks in this part of the continent. 

When, in their turn, the glaciers of the White Mountains region 
began to melt away, the freshets occasioned by the sudden large 
accumulation of water remodelled many of these moraines, and 
carried off the minute materials they contained, to deposit 
them lower down in the shape of river-terraces. I have recently 
satisfied myself by a careful examination that all the river-terraces 
of the Connecticut River Valley and its tributaries, as well as 
those of the Merrimac and its tributaries, are deposits formed by 
the floods descending from the melting glaciers. What President 
Hitchcock has described as sea-beaches and ocean-bottoms near 
the White Mountain and Franconia Notches, as well as in the 
Connecticut River Valley and along the Merrimac, have all the 
same origin. The ocean was never in contact with these deposits, 
which nowhere contain any trace of marine organic remains. 



5. BoTTLDEB-TBAHfs IN Berkshibe Countt, Mass. By John B. 
Pebby, of Cambridge, Mass. 

Lines of erratics are occasionally met with in different parts of 
the country, but they are nowhere better exhibited than in Rich- 
mond, Berkshire County, Massachusetts. In that neighborhood 
there are six or seven nearly parallel trains of angular boulders, 
two of which are particularly well defined. Attention was called 
to the marvellous arrangement of these travelled rocks, years ago, 
by my friend. Dr. Reid, of Pittsfield. They have been likewise 
referred to, and in part described, by Sir Charles Lyell and the 
late President Hitchcock. 

These boulder^trains originate partly in a nearly meridional range 
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of hills, consisting of chloritic slate, in Canaan, Columbia County, 
New York ; but more especially in two other parallel ranges of 
peaks with a like trend, situated near the State-line in Richmond. 
The latter ranges are also mainly composed of a greenish slate, 
which contains extensive beds of interstratified limestone. For the 
most part, the character of the boulders is such that they can be 
readily traced back to their exact source, — those of the two most 
prominent lines to isolated peaks of the Canaan hills ; those of the 
other trains to similar heights in the Richmond ranges. Some of 
these tracks of erratics may be followed south-easterly for four or 
five miles ; others, passing over the Lenox range of hills, can be 
traced for ten or fifteen ; and one of the larger, for some twenty 
miles. Their direction, in the first portion of their course, is south 
about 55° east. Somewhat further on they change their trend, it 
being for the most part some 35° east of south. 

President Hitchcock, presuming that there was a submergence 
of the region during the glacial period, speaks of these Hnes of 
erratics as oaara. Sir Charles Lyell, also supposing a depression of 
the country, thinks these boulders were transported by coast ice. 
Professor Rogers, in order to account for such phenomena, has 
assumed the occurrence of a vast wave of translation. 

There being no evidence, as shown in a previous paper, of any 
considerable depression of this part of the continent during the ice 
period, — even if a submergence would afford an adequate explana- 
tion, which it does not, especially when we remember the straight 
course marked by the parallel lines of erratics over high hills, and 
through the deep valley of Richmond, — the question now arises, 
How are we to account for these boulder-trains ? To this query I 
reply in the fewest words at my command. 

As the vast ice sheet which spread over the country gradually 
^ wasted, the elevations from which these boulders were derived 
would be at last laid bare. The ice no longer passed directly over 
the tops of the hills ; indeed, there is evidence that the mass was 
parted, moving around the north-eastern and south-western flanks 
of the several peaks. Of course, under these circimistances, the 
hillsides would be closely pressed and rubbed, blocks of slate and 
lim-estone detached from their places, and borne along by the ice- 
sheet. This being, in that neighborhood, at the time in question, 
some six hundred feet in thickness, and continuing slowly to thaw 
as it advanced, the boulders must be carried forward for a consider- 
able distance, and finally left resting upon the typical drift;, as we 
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now find them. The ice gradually wasting, thdre would likewise 
be changes in the direction of the moving mass, determined by the 
character of the underlying surface of solid rock, thus causing the 
variation observable in the trend of the boulder-trains, in the latter 
part of their course. 

Such, in brief, is the explanation which I would give of these 
lines of angular rocks, — an explanation which is applicable to sim- 
ilar phenomena in Huntington, Yt., and in some other parts of 
New England ; an explanation which, taking from these instances 
the exceptional character which has been given to them, regards 
them as legitimate concomitants of the last great winter of the 
ages; an explanation suggested to me by the study of these 
strange remains in the light derived from the researches of Pro- 
fessor Agassiz, on the existing glaciers of Switzerland ; an expla- 
nation which, while it is in entire consonance with all the known 
facts connected with the glaciation of the country, has the great 
advantage of requiiing no resort to an arbitrary theory of sub- 
mergence. 



6. The Supposed Elevation and Depression op the Conti- 
nent DUBiNG THE Glacial Period. By JoHN B. Peebt, of 
Cambridge, Mass. 

Many geologists suppose that there was an extensive elevation 
of ttie northern part of America, at the close of the Teitiary Era. 
This they think was necessary in order to the existence of the ice 
period, and of the phenomena peculiar to it. Instead of resorting 
to a supposition of this kind, which is wholly unauthorized by 
positive evidence, I prefer to cling to facts, invoking the aid of a 
series of astronomical occurrences, which, viewed not separately but 
in combination, appear to be fully sufficient for the production of 
this great winter of the ages. Among the facts referred to are, 
(1) variation in the obliquity of the earth's axis to the plane of 
the ecliptic; (2) variation resulting from the advance of the peri- 
helion in connection with the precession of the equinoxes ; and 
(3) variation in the eccentricity of the earth's orbit around the 
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sun. Intense cold being produced by a combination of cosmical 
agencies, the fonnation of an ice sheet of vast extent would 
naturally follow, especially if there were abundant moisture. Tlie 
fact of intense igneous activity, near the close of the tertiary 
times, suggests the occurrence of immense evaporation, and thus 
a source of aqueous, supply. Under these conditions an ice sheet 
might be readily formed. Great cold prevailing on its northern 
limits, and serving as a barrirt* to its motion in that direction ; 
there being at the same time a partial melting of its southern face ; 
meanwhile the waters from the wasting snows on its surface per- 
colating the icy mass ; there also being contractions and expansions 
consequent upon alternations in the temperature ; all these being 
connected with the gravitating force of a mass from five thousand 
to ten thousand feet in thickness, motion toward the south would 
inevitably result on a horizontal surface, and much more if there 
were even a slight southward inclination of the country. Under 
these circumstances there must have been an instrumentality fully 
able to plane, smooth, and striate the rocky floor of the country, 
as it now appears, and thus to account for the debris almost every- 
where met with in great abundance.. 

But, if there were no elevation of the continent, how are we to 
explain the various phenomena which are regarded as evidence and 
results of a higher level of the land ? — for instance, the occurrence 
of pot-holes in places apparently never traversed by torrents ; the 
formation of fiords ; the existence of submarine river-channels, as 
those extending from the existing mouths of the Hudson and of 
the Connecticut ; or the fact of sub-aerial deposits, as mud-flats, 
now found beneath the level of the sea. It is well known that, 
when glaciers meet with obstructions, breaks (known as moulins) 
occur in them ; that, the snows melting on the surface of th6 ice 
mass, streams are foimed which flow into those breaks, and thus 
become toiTents and cascades, which wear pot-holes in every 
respect similar to those requiring explanation. This being the 
case, the result in question might have been produced, during 
the glacial period, without an elevation of the northern regions. 
Again, it should be remembered that an immense ice sheet moving 
seaward must, in displacing the waters along the shallow margin 
of the ocean, do its legitimate work of erosion beyond the present 
shore line, and that thus old depressions might be deepened, while 
new valleys and fiords would be foimed, as well as the so called 
Bubmarine river-channels, which remain to this day. Accordingly, 
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all this erosion could readily take place, without an uplift, even if 
the sea were at its present height. But this suggests a question : 
Whence came the vast ice sheet ? Undoubtedly, I answer, for the 
most part from the ocean. Thus its waters must have undergone 
a great depression, perhaps one of several hundred feet ; and this 
enables us to account for the mud-flats and other like deposits now 
beneath the surface of the sea. They were probably laid down 
when the ocean was at a lower level than it is to-day. 

It has been, moreover, thought necessary to suppose that a de- 
pression of the continent finally followed its conjectured elevation. 
The land having been lifted up, it must be got down again in some 
way, in order that there might be a return of warmth, and things 
be substantially as we now find them. Now marine organic 
remains seem to attest a limited depression, in a few places one of 
some five hundred feet. But so slight a submergence of the land, 
there being upon it an ice sheet thousands of feet in thickness, 
could not cause a return of warmth; meanwhile the eosmical 
agencies, already referred to as the cause of the intense cold, would 
in due course of time, by a reversal of the direction of their influ- 
ence, be abundantly sufficient to produce a return of warmth. A 
summer of the ages thus coming on, the ice sheet gradually melt- 
ing on its southdrn border must retreat northward. And the 
waning of the glacial mass would be accompanied by results which 
require an extended, though they can now receive only a slight 
explanation. 

The ice gradually thawing, the immense mass of detrital matter 
which lay beneath it, and is known as typical drift, would be by 
degrees laid bare, and left substantially as we now find it. In this 
view a resort to a depression of five thousand or six thousand feet, 
and to iceberg agency, is unnecessary. Indeed, Arctic icebergs 
conld not furnish the material which makes up New England typi- 
cal drift, since it is for the most part of local origin. No more 
could bergs from the White Mountains have supplied it ; for it is a 
continuous sheet, having a uniform glaciated character, and spread- 
ing ov6r vast areas lying far to the north no less than to the south 
of these mountains. So icebergs couM not have deposited it, 
because, as they slowly wasted, the particles of matter must hav3 
been scattered by the flux and reflux of the tides, and thus to a 
large extent stratified. Again, from the southern border of the 
wasting ice sheet, floods of water would flow, working over and 
remodelling portions of the detrital masses, beaiing some of the 
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finer material southward, and laying down those deposits known as 
modified drift. Tliese constitute in part the terrace-formations, 
which usually slope with the rivere along which they occur. In 
exceptional cases there were barriers obstructing the waters; thus 
were formed ponds and lakes, in which deposition took place in 
more nearly horizontal layers. Finally, from the wasting of the 
ice sheet 'the surface of the ocean must have been elevated, its 
waters spread over the lower levels of the still partially depressed 
lands, laying down beds containing marine organic remains, which 
to-day bear witness of what was perhaps a slight depression. In 
due time, after the disappearance of the ice, the continent would 
resume its normal elevation, the brackish waters of the ocean be 
excluded from the estuaries, and all things come gradually to take 
the position which they hold to-day. 

In conclusion, it may be asked whether the explanation suggested 
be not in consistency with the facts, and thus whether we ought 
not to accept it, rather than arbitrarily to resort to the assumption 
of a vast continentaf elevation and depression, which, if not dis- 
proved, is at least wholly unsupported by positive evidence. 



7. Remarks on the Relative Age of the Niagara ai?d the 
so CALLED Lower Helderberg Groups. By A. H. Wob- 
then, of Springfield, Illinois. 

Recent investigations have developed certain facts bearing 
upon the question of the relative age of the above-named groups, 
which we desire to present in a brief manner for the consideration 
of those who are especially interested in stratigraphical geology. 

In Northern and Western Illinois, from the mouth of the Illinois 
River northward to th6 Wisconsin line, the Upper Silurian divi- 
sion of the palaeozoic series is represented by bufl^, gray, or yellow- 
ish-gray dolomites, sometimes in remarkably even beds, as at Joliet 
and Gnifton ; and at other localities, by concretionary masses, with 
but faint traces of stratification, as at Bridgeport, near Chicago, 
and at Port Byron and Leclare, at the head of the U)>per Rapjds 
on the Mississippi River. They range in thickness from seventy- 
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five to three Iminlred feet, and directly overlie the shales and 
ai'gillaceous limestones of the Cincinnati group of the Lower Silu- 
rian scries. These dolomites are quite fossiliferous, and afford 
many characteristic Niagara species, among whiph we mny men- 
tion JPentamerus oblongus^ Spirxfer radiatuSy Calymene JBlvmen- 
bachiiy Caryocrimis omatuSj Orthoceraa undnlatuniy etc. From 
the Bridgeport locality alone, nearly one hundred species of fossils 
have been enumerated, a large number of which are specifically 
identical with those found in the^iagara beds of New York and 
Canada ; and, so far as we are aware, all Western geologists are 
agreed in considering these dolomites to be the stratigraphical 
equivalents of the Niagara group of New York. 

In Southern Illinois we find these dolomites replaced by a series 
of silicious and argillaceous limestones, forming a group two hun- 
dred and fifty feet or more in thickness, which, like the dolomites 
of Northern Illinois, i*est directly upod the Cincinnati group, and 
are immediately succeeded by Devonian strata. At the base of 
this group of silicious limestones there are some reddish mottled 
beds, from ten to twenty feet in thickness, that in color bear 
considerable resemblance to the Medina sandstone of New York ; 
and these mottled limestones pass gradually into the buff and gray 
silicious beds that constitute the upper and main poition of the 
group. Fossils are rare in the lower poition of the group here ; 
bat the mottled limestones contam some Orthoceratites^ and joints 
of large Crinaidea^ while the middle and upper portions are locally 
quite fossiliferous, and have afforded many of the characteristic 
species of the so called Lower Helderberg group, among which are 
the following: Orthis subcarinata^ O. obUtta^ Ccelospira avbcari- 
nata^ C, imbricata^ Spiri/er per-lamellosuSj and Platyceras spirale 
of Hall, and Acidaspia hamatua of Conrad, together with species 
closely. resembling, if not identical with, Merista princepSj Platy^ 
ceras pyramidatum^ P. unguiforme^ P, inciley and JP. multistria^ 
turn of Hall. 

In the first volume of the " Report on the Geological Survey of 
Illinois," those silicious limestones of the southern portion of the 
State, and the dolomites of Northern Illinois, weie regarded as the 
stratigraphical equivalents of the Niagara group, and were included 
together as representing a single division of the Up[)er Silurian 
series; but subsequently in a corrected section of the Illinois 
strata, published in the introduction to the second volume, we were 
induced, from the dissimilarity of the fossils firom the different sec- 
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tions of the State, to regard the silicious limestones of Sonthern 
Illinois as the representatives oi a liigher geological horizon, and 
therefore placed them above the dolomites of tlie northern part of 
the State, as the equivalents of the so called . Lower Helderberg 
gi'oup. We are now, however, fully satisfied from a further exam- 
ination of these Upper Silurian strata, over a more extended 
region, that our first conolusion was correct, and that these silicious 
limestones and dolomites represent the same geological horizon, 
and that the difference in the specific character of their fossil con- 
tents is entirely due to the changes m the oceanic conditions 
under which they were deposited, and not to the different ages of 
the sediments themselves. 

South of the Ohio River, these Upper Silurian strata are found 
well exposed in Tennessee, in the counties of Wayne, Perry, and 
Decatur, on the Tennessee River, outcropping over a wide area, and 
affording numerous species of fossils in a fine state of preservation. 
The base of the group here consists of reddish and mottled lime- 
stones, very similar to those in Southern Illinois, and contain 
Orthoceras urululatum^ and joints of large crinoids in great abun- 
dance. These red limestones are succeeded by a series of greenish- 
gray shales, and shaly argillaceous limestones, containing Caryo- 
crinus ornatus, Calymene JSlumenbachii^ Sphcerexochtis mirus^ 
Pldtyceras Niagarenae^ jPentamerus oblongus^ Orthia hybridoy 0. 
eUgantula^ etc., associated with such Lower Helderberg forms as 
Pentamerus galeatica^ Spirifer per-lamellostis^ S. macropleura. Me- 
rista kevis, IthynchmieUa ventricosus^ and many others, showing 
that tlie fossils of these so called groups are here intermingled 
through the same strata, confirming what we had already assumed 
to be true in Illinois, that the Upper Silurian beds of ^he West con- 
stitute but a single group, and consequently that the term Lower 
Helderberg, as applied to a group distinct from the Niagara, is 
Bupei-fluous. We recollect that, on visiting the locality of these 
60 called Lower Helderberg limestones in the Schoharie Valley 
some years ago, we observed these limestones resting immediately 
upon undisputed Lower Silurian beds there ; and, in explanation of 
their occurrence in this apparent abnormal position, we were told 
that the Niagara group was supposed to have thinned out to the 
eastward, and that these Lower Helderberg limestones took their 
place. But is it not quite as probable that there has only been a 
change in the lithological character of the beds in their eastern 
extension in New York, resulting there, as in Illinois, in a decided 
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change in the specific character of the fossils which they contain, 
and that the Upper Silurian beds at Schoharie are the exact 
equivalents of the Niagara shales and limestones in the western 
part of the State ? 

To recapitulate, then, the facts as they are presented in the West ; 
we find that the dolomites of Northern Illinois contain only Niag- 
ara fossils, and the silicious limestones of the southern portion of 
the State contain only those considered characteiistic of the 
Lower Hefterberg gi;oup ; while the beds in Tennessee, occupying 
the same stratigraphical position with the dolomites and the sili- 
cious limestones of Illinois, have Niagara and Lower Helderberg 
fossils intermingled indiscriminately through the strata. Hence 
we conclude that the so called Lower Helderberg group has no 
real existence as a distinct group of Upper Silurian strata, and that 
the name, being superfluous, should be dropped from the nomen- 
clature of the American rocks. 



8. The Distribution op Maritime Plants in North America 
A Pkoop op Oceanic Submergence in the Champlain 
Period. By C. H. Hitchcock, of Hanover, N. H. 

(Abstract.) 

American Botanists have frequently recorded the presence of 
maritime phenogamous plants in the interior of the continent, and 
have commented upon the singularity of the circumstance. For ex- 
ample, Prof. J. A. Paine, Jr., in the "Regent's Report of the New 
York State Cabinet," for 1866, enumerates Juncus Balticua among 
the plants of Genesee County, at a locality over three hundred feet 
above Lake Ontario, and twenty miles south of it, associated with 
Zygadertus glaucus and Solidago JBbughtonii^ found only on the 
noith shore of Lake Michigan. It is a seaside plant, native iii 
Northern Europe and our own northern coast. " For its introduc- 
tion to the great lakes it is just as dependent on the ocean as are 
Haminculus Cynibalaria^ Atriplex hastata^ Salicomia herbasea^ Na- 
jas major^ jRuppia maritima^ Trigoclin maritimum, Juncus bulbo- 
suSy Scirpus tnaritimtis, and Spartina stricta, for their existence at 
Onondaga Lake, and Xathyrtta maritifnus on the banks of Oneida 
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Lake.** He then conjectures that in some past geological period 
the land was submerged, and the ocean extended into the 
interior. 

In the " Canadian Naturalist," for May, 1867, A. T. Drummond, 
B.A., LL.B., sets forth similar facts, and mentions twenty species of 
maritime plants that have been found in the interior. He refers 
the origin of this distribution to the presence of salt water in the 
great lakes in the Post Pliocene or Champlain period, subsequent to 
the glacial drift. As the waters gradually became fr^^h, some of 
the species would be exterminated, and others become reconciled 
to the changed conditions, and remain as monuments to this 
ancient oceanic prolongation into the interior of the continent. 

With such conclusions all judicious reasoners must agree. I am 
not aware that any geologist has ever before touched upon this 
argument for submergence, and therefore am wan-anted in bring- 
ing a few facts and conclusions before the Geological Section. We 
have been accustomed to rely upon the presence of various marine 
animals and sea-weeds to show the former extent of the ocean, and, 
wherever these decisive evidences did not occur, have properly 
regarded ancient submergence as problematical, if no4 impossible. 
If we accept as truth the statement that maritime plants depend 
upon the proximity of salt water for their introduction into any 
country, then we cannot resist the conclusion that the ocean for- 
merly penetrated the continent as far as Minnesota in the Cham- 
plain period. The submergence thus indicated was not of an 
earlier date, since the glacial cold must have destroyed all the 
temperate vegetation existing in the Pliocene period. 

The best geologists have hitherto been unwilling to admit a sub- 
mergence in the Champlain period greater than five hundred feet, 
and have fixed the inner oceanic limit near Lake Ontario, where 
the marine remains cease, and the "' Erie clays " and other alluvial 
deposits commence, containing only fresh water fossils. As Lake 
Superior is 638 feet above the ocean, and the maritime plants sur- 
round its shores, there is an argument for a submergence, at least 
to the depth of its surface, and probably to the height of its ter- 
races, so that we may add 330 feet to the altitude of the lake. 
This would give nearly one thousand feet, which corresponds well 
with the known height at which marine shells have been found 
in Arctic America; viz., one thousand feet on Comiyallis and 
Beechey Islands. 

I have made inquiries of many of our botanists for catalogues of 
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plants along the Great Lakes and the Hudson River Valley, and 
present the following summary of the results obtained. The gen- 
eral distribution of the species is first given according to Gray, N. 
signifying their occurrence north of New York. The Canadian 
species are given on the authority of Mr. Drummond ; Western 
New York, Prof. Paine ; Lake Erie, Dr. T. C. Porter, of Easton, 
Pennsylvania, and Dr. J. S. Newberry; Lakes Michigan and Hu- 
ron, Prof. A. Winchell, of Ann Arbor, Mich., and Dr. L A. Lap- 
ham, of Milwaukie, Wis. ; Lake Superior, after Porter, Drummond, 
and Winchell ; Minnesota, after Lapham ; Lake Champlain and 
Hudson River, on authority of C. H. Peck, of Albany, N. Y., and 
Miss Shattuck, of South Hadley, Mass. These gentlemen, and also 
Dr. R. H. Ward, of Troy, N. Y., have furnished, besides these lists, 
valuable suggestions in respect to the value of the inferences to be 
derived from the catalogues. The asterisk indicates the occur- 
rence of the species at the locality specified. 

There are seventy-nine species in this list. Of these, seven are 
noted as doubtful, since they may not be confined in their range to 
the seashore. The following may be legitimately added to the doubt- 
ful list : Zygadenus glaucus^ Nutt.; Solidago Houghtonii^ T. and G. ; 
and Corispermum hyssopifoliwn^ L. These occur in the interior, and 
not on the coast. The last, with Naias major^ are not on the Ameri- 
can, but flourish on the European coast Add, also, Lohdia Kcdmii^ 
L.; Rhyncospora fapiUacec^ Tor^. ; Scleria verticiUatOj Muhl. ; 
Scirpus pungens^ Vahl. ; and Polanisia graveolens, Raf., — which, 
upon a careful examination, may prove to belong to the maritime 
type : certainly, so far as known, their distribution con*esponds 
with that of the seventy-nine in the table. 

Of this list, following " Gray's Manual of Botany," twenty-two 
are found on the coast north of New York, six south of the same, 
thirty (including Juncics Vaseyi, on the authority of Dr. Por- 
ter) occur mostly south of New England, and twenty-two are 
found along the whole of our eastern shore. Thirty-three of them, 
or only ten less than the whole number occurring on the coast 
north of New York, are found in the interior, distributed as fol- 
lows : Lower St. Lawrence waters, five ; Lake Ontario, nine ; salt 
region of Western New York, seventeen ; Lake Erie, seventeen ; 
Lake Huron, twelve ; Lake Michigan, fourteen ; Lake Superior, 
fifteen ; Minnesota, seven ; Hudson River, only one ; Lake Cham- 
plain, three ; and Hudson's Bay, three. 

From moUuscan remains it is proved that the Hudson and 
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Champlain Valleys were covered by salt water in the period now 
under consideration. The proof of submergence, from the occur- 
rence of maritime plants, is very meagre, only four species appear- 
ing on the list. It is possible that future researches may add to 
the list, though not in large numbers, after the researches of Oakes, 
Tuckerman, Torrey, Zadock Thompson, and Peck. It may like- 
wise be observed that the Lower St. Lawrence furnishes fewer spe- 
cies than the borders of the Great Lakes. These deficiencies were 
so patent that Mr. Peck, in his reply to my inquiries, regarded ''the 
connection between the maritime plants of the region of the Great 
Lakes with the Atlantic Ocean, by intermediate stations, as not well 
shown." Is it not possible that these breaks in the connection are 
proofs of the correctness of our theory ? If the continued exist- 
ence of these plants about the lakes is due to the presence of laige 
bodies of water, even in the absence of salt, then we should not 
expect to find them remaining along the narrow Champlain, nor 
the still narrower Hudson River, nor, to a large extent, the St. 
Lawrence. The conditions are not favorable to their preservation. 
Furthermore, if the species were equally distributed firom the 
ocean into the interior, or especially if they became fewer in num- 
ber the farther they penetrated the continent, it might be said that 
they had migrated since the Champlain period, even to Minnesota. 
Hence what might appear destructive of our theory is, in reaUty, 
a strong argument in its favor. These considerations were fordbly 
set forth in a private communication from Dr. Ward. 

It might be said by some that the plants in the salt regions of 
Western New York existed there natumlly on account of the 
presence of saline matters in the soil. This circumstance will not, 
however, explain their origin. During the glacial period all life 
was destroyed by the intense cold. Hence the salt-loving plants 
disappeared. With the return of the warm temperature the plants 
could not return by an overland emigration. They could return 
only by a gradual migration along a shore line, whether salt or 
fresh, unless it be supposed plants were created for this special 
locality. The latter supposition is untenable, since a special crea- 
tion is not required to explain the distribution of the other plants 
in the Northern States, and we cannot suppose there would be any 
difference in the manner of the introduction of the two classes. 
Once introduced, the salt-loving plants would find a congenial 
habitat, and would not disappear, even after the removal of the 
estuary. 
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There is hardly a possibility that the seeds of these plants could 
have been preserved in the ground during the long ages of glacial 
cold, and revivified after the return of warmth. Besides, the gla- 
cier, in ploughing out the valleys, would have transported these 
seeds far to the south, and fresh debris from the north would have 
covered up the briny exudations. 

Botanists have described many maritime plants from the salt 
regions of the Rocky Mountains. These are the descendants of 
those which were introduced by oceanic migrations in cretaceous 
or tertiary times ; and, as the glacier never covered them, they 
have continued uninterruptedly to our times. 

The distribution of certain forms of animal life confirms our 
theory. As stated in the President's address, a species of marine 
crustacean has been found recently by Dr. Wm. Stimpson, by 
dredging in the waters of Lake Michigan. Girard describes a fish 
from these northern lakes, Triglopsis Thxmvp^oni^ all whose 
affinities are marine. Add to these the oft-quoted instance of 
marine insects found on Lake Superior by Dr. Leconte, and a 
parallel case of the discovery of two species of Mysia in Norwe- 
gian lakes. Also, according to F. W. Putnam, Director of the 
Peabody Museum, in Salem, Mass., the fishes found in Lakes 
Champlain and Erie are so much alike, though widely separated, 
that an ancient salt water connection is needed to explain their 
present isolation. 

In conclusion, the importance of observing and recording the 
localities of plants and animals may be clearly seen. Botanists, 
Zoologists, and Geologists have worked apart. They should do so 
no longer, since the distribution of living plants and animals may 
throw light on other geological speculations than the one herein 
set forth. 
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9. Lakes and Laks Regions. By S. J. Wallace, of Keokuk, 
Iowa. 

Lakes. 

Lakes are basins of limited area, filled with water which does 
not flow out as in a body. They have great variety of shapes. 
Their figures are usually formed by unions of curved lines, with 
some inteiTial and some external projections, capes, and bays, and 
some angular points. 

Lakes fill depressions of surface, which are of four kinds: 
1st, Basins of Depression of Strata ; 2d, Basins of Faults ; 8d, 
Basins of Erosions; 4th, Basins of Clefts. These kinds have 
usual ranges of size in the order named, decreasing to the last. 

The sizes of lakes vary from the smallest permanent surface 
water to several hundred miles in extent. Bodies of water which 
are not permanent are ponds. And bodies which have no depth 
are swamps. 

Lakes have two characters : Fresh and Saline. Fresh lakes are 
those which have a permanent drainage from the edges of their 
rims at a certain height, by which their salts are carried off. Salt 
lakes have no drainage by which their salts are removed. The salt 
lakes are of two sorts : those connected on a level with the sea, 
and those separated. 

The term Idkes^ alone, usually conveys the idea of limited size 
and fresh water. Salt lake is a term for a saline body of limited 
size. The term sea usually conveys the idea of those of a larger 
size, and with salt water. The terms bay and loch relate to those 
connected with the sea. 

Lakes, with fresh water, are elevated to a greater or less extent 
above the sea to which they discharge. Their outlets musl gradu- 
ally wear down with time. Old lake-beds, forming valleys drained 
by worn-down outlets, are very common features in physical geog- 
raphy. 

Lake Regions. 

There are various parts of the world where lakes are a common 
feature, and other parts where they are entii*ely absent. There 
are also other regions where salt lakes are a feature of occur- 
rence. 

The regions of salt lakes or inland seas appear to be of a dry 
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character, where the amount of rain is too small to fill the basins, 
and wear down outlets. The regions of no lakes appear to 
be where all basins have worn out drainage ways, although they 
may still have special submerged tracks, sometimes, where no fall 
or elevation exists to enable the wearing down to take place for 
drainage. The regions of lakes are where lakes, although often 
greatly elevated, and having continuous ovei-flows, have not worn 
their water-ways sufficiently for drainage. The exact relations 
between the regions of lakes and no lakes does not appear to be 
well determined. They do not appear to be dependent on any 
single character of physical structure; for their division lines 
sweep alike over plain and mountain regions, without regard to 
any single feature of geological formation. 

To enable the subject to be intelligently studied, the several 
regions of North America and Europe may be pointed out, as there 
are broad fields in each. 

In North America, 

The lake region of this continent covers the northern half of its 
surface, down to a varying line about 42® and 43° N, frqm the 
Atlantic to 100® W., at which point it sweeps northward into 
British America, and descends again west of the mountains to 
near the Columbia, including all northward, and excluding all 
southward of an almost definite line. 

The no-lake region includes all the south half, east of the Rocky 
Mountains. West of this line, from the Columbia south to the 
Isthmus of Darien, is a region in which inland seas or salt lakes 
are found, along with, usually, no-lake features. 

North of the no-lake line firom the Atlantic west, ovef Maine, 
New Brunswick, Canada East, Canada West, Northern New Eng- 
land, and New York, Wisconsin, Michigan, Northern Iowa, Minne- 
sota, and Winnepeg, lakes are spread broadcast, great and small, 
from the Superior down to an acre in extent. Good detail maps 
show them as a general feature everywhere ; although, of course, 
there must be spaces less marked than others, especially toward the 
south line. The one State of Minnesota is estimated, on good 
basis, to have ten thousand lakes ; and Maine and Canada are 
probably nearly as full. This region is remarkable for its general 
elevation. 

South of this line the presence of a fresh lake is a remarkable 
feature, although old lake-beds, with worn outlets, exist over this 
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region, especially in the Alleghany region ; and it maybe a general 
feature, if it were noticed. 

In Europe. 

The lake region line is about ten degrees further north. It 
covers the north-west fourth of Europe, including Iceland, Ireland, 
Scotland, Germany, south to Central Prussia, Denmark, Norway, 
Sweden, Finland, and eastward into Russia to Moscow. The line 
nearly follows the 62° to 53^ N., with a curve north to reach the 
40"^ E. toward the North Sea, and then north. The features in 
this area are similar to those of America ; perhaps fully as much 
marked with lakes and ocean inlets, which are often associated. 

There is another more limited lake re^on in the Alpine District, 
extending eastward over Switzerland, and on to the Danube m 
Hungary, from 6^ to 18^ E., and from near 45° to 48® N. 

The rest of Europe, about two-thirds of the whole, is a no-lake 
region, similar to the American. 

In the south-east corner of Europe, extending more widely into 
Asia, south and east, is the Sea or Salt Lake Region, also analogous 
to the American. 

CaustB of Difference. 

The reason for the appearance of lakes in such geographical 
regions, and their absence beyond, is a subject requiring more full 
study. 

It is remarkable that the lake regions of both Europe and 
America occupy those portions of the continents most particularly 
supposed to have been subject to the glacial action ; and also those 
where frost locks up action for a great period of the year. But 
the relation of these facts to the cause has not been yet clearly set 
forth. 

In a proper study of lakes, as related to their causes of appear- 
ance, the first thing, of course, is to determine the kind of basin, — 
whether of curvature, of fault, or erosion, etc. Then there is the 
further question of their age and proximate cause, — whether the 
basins are geologically old, or incidents of any comparatively 
modern cause. 

In regard to lake basins there are two points of inquiry : as to 
whether their closures are, 1st, primitive, or innate ; or are, 2d, 
proximate, as valleys closed by incidental causes, of which tberd 
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may be several, — as glacial action, subseqitent eraptions, drift 
damming by drift-wood, action of beavers, irregular subsidence or 
elevation, etc. 



10. On ths Evidbncb of ▲ Glacial Epoch at the Equatob. 
By Jambs Obton, of Poughkeepsie, N. T. 

Thb Valley of the Amazon is highly interesting to the geologist, 
from its vast extent and its disputed origin. Probably no other 
region on the globe, of equal area, has such a remarkably uniform 
character. From the Andes to the Atlantic, and from the Falls of 
the Madeira to the Orinoco, scarcely any thing is visible but clays 
and sandstones.* Professor Agassiz was the first geologist of emi- 
nence to explore any considerable part of the formation. He 
ascended the river to Tabatinga (1,500 miles in a straight line) ; 
and he has well described the successive beds, of which he distin- 
guishes ten. The chief, in the order of superposition, are : coarse 
sand, laminated days of divers colors, ferruginous sandstone, and 
an unstratified sandy clay. Of these, the argillaceous portion is 
the most important, as it is the most extensive, the sandstone 
being reduced to isolated hills by denudation. The clays gener- 
ally are very fine in texture, and without a pebble. They contain 
a large percentage of iron, but no trace of lime. There are, how- 
ever, calcareous concretions, nodular or stalactiform, strikingly 
similar to the marly concretions noticed by Darwin in the Pam- 
pean mud. The argillaceous deposits are more conspicuous on the 
Upper Amazon, and the sandstones on the Lower. The whole 
formation dips gently to the east, and its total thickness is about 
eight hundred feet. 

Professor Agassiz considers the valley a cretaceous basin, filled 
with glacial drift; in other words, that all these clays and sand- 
stones were deposited underneath a gigantic glacier, which de- 

* Professor Agassiz speaks of this day formation as stretching over a burfiBUse 
of more than three thousand miles in length ; but he is evidently led astray by 
the length of the Amazon, with all its windings. The width of the continent at 
the equator is only 2,100 miles. 

▲. A. A. B. VOL. XIZ. 24 
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scended from the Andes, grinding into fine powder the materials 
between it and the solid rock, and leaving an immense moraine 
across the mouth of the valley. To this theory we make the fol- 
lowing objections : — 

1. The theory is short of positive proof where we need the most 
unquestionable evidence. The confession is made, ihat ^ the direct 
traces of glaciers, as seen in other countries, are wanting in Bra- 
zil." There is not a trace of furrows, striae, or polished surfeces.* 
The answer that the rocks are so friable, and disintegration in the 
tropics so rapid, as to render their discovery hopeless, is not entirely 
satisfactory. The granitoid rocks which border the valley, and 
the schists and porphyries on the slope of the Andes, ought to 
preserve some marks of the glaciation.f The pot-holes in the 
gneiss plains of Bahia, supposed by Hartt to have been formed by 
glacial cascades, are " exceedingly well preserved, and have smooth 
sides ; " while all the plowings and planings of the gigantic glacier 
over the same rock have been utterly erased by disintegration ! 
The stone structures of Brazil endure remarkably well, while 
the granite of Quebec exfoliates so rapidly in winter that oil 
is used to protect the buildings ; yet there is no lack of strias in 
Canada. 

Bouldera occur only along the eastern region : none have been 
observed in the great interior basin. This is a strange inversion : 
if a continental glacier moved down the Andes to the Atlantic, we 
would naturally look for porphyritic boulders scattered over the 
valley, and dwindling in number and size as we near Pard. We 
are suspicious, also, that these so called boulders have not travelled. 
The only genuine erratics seen by Professor Agassiz were found on 
the northern flank of Erer^ : all the others turn out to be ** bould- 
ers of decomposition." The boulders of Tijuca, in the Rio Prov- 
ince, described by Hartt, were not far-fetched : the majority are 
of gneiss on gneiss. Still they may have been the work of local 

* Professor Hartt likewise acknowledges : " I have nowhere seen either pol- 
ished or striated rocks." 

t The eminent explorer, Dr. Spruce, describes the Casiquiari Region as " one 
great sheet of granite and gneiss. There is nowhere any continuous range of 
mountains or plateau, and (except towards its borders) the granite has been en- 
tirely denuded of the stratified rocks that once overlay it, and is now either 
naked or else overspread in some places with a thin covering of white sand, and 
in others (chiefly flats, hollows, and rifts) with a thick deposit of the fertile 
'terra roxa,' or red loam (decomposed gneiss, mica-schist, etc.), which I have 
supposed to be lacustrine, but Professor Agassiz says is glacial drift." 
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glaciers. The Erer^ erratics are homblendic and without scratches : 
the lack of striation, however, is no proof that they are not true 
boulders. 

To complete the glacial picture, it is asserted that a gigantic 
moraine stretched across the mouth of the valley, though, as Dr. 
Newberry says, " a moraine can hardly be formed by a glacier, 
except where there are clifis and pinnacles along its course ; " and 
as the absence of glacial inscriptions is attributed to disintegration, 
so it has been found convenient to say that this morainic wall must 
be looked for in the depths of the Atlantic* It is worthy of re- 
mark, moreover, that fiords, which are conterminous with the drift 
of high latitudes, are absent from equatorial coasts. Thus we 
are called upon to believe in the existence of a tropical glacier, 
2,000 miles in length, moving ^for hundreds of thousands of 
years" over the continent, upon evidence which is singularly 
defective. 

2. We object to the theory because the formation contams ter- 
tiary shells. Previous to the expedition of the writer across the 
continent in 1867, the vast clay beds along the Great River had 
not yielded a single fossil. In the words of Professor Agassiz, 
" tertiary deposits have never been observed in any part of the 
Amazonian basin." And it was on this negative evidence mainly, 
that the distinguished naturalist hazarded the conjecture that the 
formation was drift. Bat the banks of the Upper Amazon prove 
to be highly fossihferous. At the confluence of the Ambiyacu with 
the Maranon stands the village of Pebas, about two hundred miles 
west of Tabatinga, long. 72°. The site is a level tract about fifty 
feet above the river ; and the formation is wholly of those peculiar 
variegated clays, which we traced far up the Napo, and are continu- 
ous with the Tabatinga beds, and with those on the Lower Ama- 
zon, where they are overlaid by sandstone. Imbedded in these 
clays, several feet below the surface, and incontestably in situ^ we 
discovered numerous small shells. They were examined by Mr. 
6abb, of Philadelphia, who published f the following species : 
TurboniUa mirmsoula, n. s. ; Neritina pupcc^ linn. ; Mesalia Or- 

* It seems to us that, if " the waters of the lake were suddenly released/' 
they would have exerted the most denuding force near the outlet ; yet along the 
Lower Amazon we find vast remnants of the sandstone series, as those of Erer^, 
Obidos, and Almeyrim, while fhrther west the waters seem to have made a clean 
sweep of it. No table-topped hills like Almey rim are seen west of Manaos. 

t Amer. Jour. Conch., vol. iv., p. 167. 
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tani^ n. s. ; TeUina Amazanenais^ n. s. ; Pachydon oblique^ n. b. ; 
jP, tenuOf n. s. 

Before leaving Pebas, we engaged Mr. Hanxwell, the experir 
enced English collector, residing at that place, to search for other 
localities. In February, 1870, he reported a large deposit on the 
south side of the Maranon, thirty miles below Pebas, at Pichaoa, 
just west of Cochaquinas.* The shells were larger and more plen- 
tiful than at Pebas, but were found in the same layers of red and 
blue clays, from six to twenty feet beneath the soil. A collection 
(in quantity about half a bushel) was received in August, and sab- 
mitted to the eminent palaeontologist, T. A. Conrad, Esq. Ss 
paper, published in the ^American Journal of Conchology,** Oct^ 
10, contained many additional species, and corrected some mistakes 
into which Mr. Gabb had fallen from lack of perfect specimens. 
The following is a complete list numbered in the order of abun- 
dance. No. 1 being the most numerous : t 

6a8TKBOPOD8. GOVGHnFBBB. 

6. Issea (Mesalia) Ortoni, Gabb. 8. Fachydon tennia, Gabb. 

12. " Untea, Conrad. 2. " carinatus, Conrad. 

9. Liris laqneata, Conrad. 1. " obliqaua, Gabb. 

8. Ebora crassilabra, Conrad. 6. " erectus, Conrad. 

14. " bella, Conrad. 7. " coneatuB, Conrad. 

16. Hemisinus sulcatus, Conrad. 11. " ovatiu, Conrad. 

18. Djris gracilis, Conrad. 10. " aitus, Conrad. 

4. Neritina Ortoni, Conrad. 17. And the fragments of a singnlar bi- 
16. BulimuB linteus, Conrad. yaiye, probably allied to Mnlleria. 

The Neritina^ which Gabb made identical with the living NlpupOj 
proves to be a new species. The Iscea Ortoni is accompanied by 
an immense number of small, delicate shells, which Conrad con- 
siders its young. He thinks the genus is related to Tricula. , lA- 
He and Dyr%% probably belong to the Mdaniidce ; and Ebora is 
presumed to be a fresh-water genus. Of Memisinus and JBtdimitSj 
there was but one specimen each. JPachydon t is the most impor- 
tant genus, the collection frimishing seven distinct species. Conrad 
makes it one of the CorbulidoB^ though its spiral beaks are in 

* Mr. Hauxwell writes that he has found similar shell-beds on the north side 
of the Maranon, about a mile inland, both east and west of Pebas, and also at 
Maucallacta. 

t The type series is now in the New York State Geological Cabinet. 

X As this name is too near Packyodon, Conrad suggests Anisothyris, It had 
an internal cartilage in a pit behind the tooth of the right ralve, exactly as in 
CoHnda ; and Meek is inclined to consider them identicaL The only shell 
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marked contrast with those of Corbuia. Some of the species 
attained considerable size, particularly tenuis and erectics, A 
specimen of the latter before ns measures two by two and a quar- 
ter inches, and is packed with clay crowded with P. obliquus. All 
the specimens are remarkably perfect, except JBvlimus and the 
unknown bivalve. The valves of the Pachydona are seldom sepa- 
rated, and scarcely ever broken, and none of the shells show the 
least abrasion. The Neritina^ P. tenuis^ and P. carinatus retain 
the epidermis, the first displaying various patterns of colored zigzag 
lines. Many species, as IscBa lirUea^ Xdris laqueatOy and Dyris gran 
ctlts^ are exceedingly delicate, yet perfect. But Agassiz says the 
Andean glacier must have plowed the valley bottom over and over 
again, grinding all the materials beneath it into a fine powder. 
How did these shells escape during ^ the kneading process *the 
drift has undergone beneath the gigantic ice plow " ? The suppo- 
sition that they may have been washed in from another locality 
must be rejected, for they are plainly in place, and none are water- 
worn. ^ It seems clear," says Conrad, ^ that they were not trans- 
ported from a distance, but lived and died in the vicinity of the 
spot in which they are found." The shells are filled with the same 
bluish or drab sandy clay, ^ holding minute scales of mica, and 
frequently ferruginous," in which they occur. The Pachydona 
abound in the indurated and concretionary as weU as soft parts of 
the formation. 

Here, then, we have a large collection of shells from localities' 
thirty miles apart, exhibiting seventeen species, all extinct, belong- 
ing to nine genera, only three of which have living representatives. 
The beds, therefore, cannot be later than the Pliocene. There is 
not one stnctly marine genus : Gabb's Tellina turns out to be the 
young of P. tenuis. The deposit was probably of brackish-water 
origin. Only one specimen of the land-shell Pulimus was found, 
and this was about the only one in the collection which appears to 
have suffered fracture before deposition. The fact that all the 
parts are so orderly laid down — lignite, clays, and sandstones — 
points to a quiet formation, and not to a tumultuous flood or debacle. 
Any subsequent oscillation must have been continental, for the 
beds are without a sign of being unequally tilted or dislocated. 

observed by Darwin, in the Fampean formation, was Azara labiata, D'Ors., one 
of the liying CcrbaUdat. It has no spiral beak. Several species of Azara (Pa- 
tamomya) live in the brackish parts of the Amazon. Corbula were abundant 
in the early tertiary. See Annals of Nat. Hist, for Jan. and Feb., 1871. 
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It is quite plain that the Drift Theory of this formation must be 
abandoned. But Professor Hartt, to whom science is indebted for 
many minute and careiul observations on the eastern border of 
Brazil, has propounded a new version. He thinks that the clays 
and sandstone are very late tertiary and marine ; while the super- 
ficial, unstratified deposit, covering like a sheet the whole country, 
— plains, campos, and sierras, — is drift, the product of a general 
glacier.* It is doubtful if even local glaciers, of any great extent, 
existed on the mountains of Minas when they stood at a higher 
altitude than at present, for the same reason that glaciers are now 
absent ftom the equatorial Andes. But, for arguments already 
given and to follow, we certainly cannot believe in the existence 
of a vast glacier stretching from the Andes to the Atlantic. 

3. We question the possibility of its formation. At the equator 
there is little variation of temperature. Para is noted for its equa- 
ble climate, varying little from 80^. At the Hacienda, on the 
slope of Antisana, 13,300 feet, the mean temperature in spring is 
42"^, summer 38^, autumn 40®, winter 41°. The snow-line on the 
equatorial mountains is, therefore, stationary ; while the oscillation 
from summer heat to winter cold, in northern latitudes, gives rise 
to a variable snow-line. In the. Alps, the variation from January 
to July is 34®. Now the snow-line at the equator remains through- 
out the year at 15,800 feet : at the latitude of New York it is only 
one half this. Therefore, to bring the snow-limit down to sea-level 
would require excessive cold.t But this more than polar reduc- 
tion of temperature, and the uniform climate, would destroy the 
conditions necessary for the manufacture of the glacier, which 
must be constantly fed ; and the supply depends on an abundant 
snow-fall, and this again on humidity. But an intense, unchang- 
ing winter would be a dry one. Besides, if a snow-field does not 
attain a temperature higher than zero, it can never become a gla- 
cier ; for the particles are as incoherent as sand.f 

Moreover, if formed, we doubt its ability to move. The extra- 

* Rounded and angular quartz pebbles cemented with ferruginous loam are 
seen in the Febas district. 

t In Europe, the most southern glacier which comes down to the sea is on the 
coast of Norway, lat. 67*^. 

X According to Hopkins, if blocks on the Jura were transported from the 
Alps by the agency of ice, the Alps must have been at least 6,000 feet higher 
than at present. But the lower the latitude, the higher the elevation needed. 
Who will estimate the altitude necessary to send an Andean glacier to the 
Atlantic ? 
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ordinary, unbroken winter would prevent all moTement ; for this 
depends on repeated accumulations of snow and ice at the high 
sources, and on a change of seasons. All theories of glacier move- 
ment are based on the periodical partial liquefaction of the sur- 
face. The Alpine glaciers move twice as rapidly in summer as 
in winter. Then, too, the slope is insufficient. Forbes says a 
glacier must have an angle of 3® or 4?, * But between Pebas and 
Para, a distance of 1,600 miles, the slope is only 8' 6", or about two 
and a half inches per mile ; and from the tip-top of the Andes to 
the Atlantic, the inclination is 6' 30''. We conclude, therefore, 
that if a sheet of ice ever spread from Cotopaxi to the mouth of 
the Amazon, it remained there, immovable as the mountains. 

But difficulties lie back of this. As the length of a glacier 
depends greatly upon the speed with which it travels, it will be 
short in proportion as the angle of the slope is diminished. And, 
further, suppose the ice sheet formed and moving, what would be 
its flow? Even if its rate equalled that of the Mer de Glace, a 
boulder from the Andes would be over 20,000 years in reaching 
the Atlantic. But when we consider its feeble slope, and its retar- 
dation by the constant trade-winds, we may wonder if it ever 
completed its journey. Yet this Agassiz glacier is represented 
as doing a greater amount of work than the high latitude glaciers, 
grinding up and covering the vast basin with 800 feet of detritus, 
^'the most colossal drift formation known.'' And again, all the 
slope of any consequence lies between the axis of the Andes and 
Pebas, a distance of 450 miles. In this abrupt descent (thirty-five 
feet per mile), it must receive momentum to carry it over an almpst 
level plain of 1,600 miles. Why did it not plow up the silt, 
creating linear lakes like Como and Maggiore, which radiate at 
right angles to the strike of the Alps? Yet there is no appear- 
ance of excavation. The lagunes of the Napo are shallow 
ponds. 

4. The existence of such a continental glacier at the equator 
would profoundly affect the life-history of the globe. As New- 
berry says, ^ Nearly all the fossil plants and molluscs of the strata 
deposited immediately anterior to the glacial epoch are undistin- 
guishable from species now living in the same region." t If & 

* The average slope of Mer de Glace is 14^ ; that of the Qreenland glacier, 
no. 

t In the opinion of De Candolle, subscribed to by Gray as likely, the greater 
part of the existing species of plants are older than the present configuration of 
our continent. 
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mantle of ice ever covered Amazonia, undoubtedly it had lateral 
branches descending the valleys of the Orinoco and Paraguay: 
there is a close similarity of the formation in these valleys to the 
Amazonian day, which has resulted, we think, from a contempo- 
raneousness, if not identity, of origin ; and so low is the watershed, 
especially on the north, that the two river systems are joined by 
natural canals.* The glaciation of the whole earth at the same 
time is absurd, on biological and hydrologioal grounds ; ii^ there- 
fore, an equatorial ice-period occurred before or after the ice-period 
of the high latitudes, we must imagine the temperate regions con- 
verted by a change of climate into a conservatory for the rich and 
peculiar life in the tropics, which is an unwarrantable assxmipticHi. 
Polar types are now living in the intertropical oceanic area ; so 
that their occurrence in any marine deposit is no evidence |>^ 8e 
of the general extension of glacial action into tropical regions. 
And we may add that the almost total absence of typical North 
American plants in the highlands of the West Indies, and on the 
Andes of the equator, does not &vor the theory of a glacial 
migration. 

No continent has such a simple geological structure as South 
America. The monotony of its vast expanses is in strong contrast 
with the complexity of Europe. Witness the unparalleled extension 
of gneissic rocks from the Orinoco to Paraguay ; the long, compact 
range of the Andes, so eminently porphyritic ; and the extraordi- 
nary continuity and imiformity of the Llanos, Amazon, and Pampa 
deposits of ochraceous sandy clay. Yet we have much to learn 
before it will be wise to speculate on the geological history of 
South America. Darwin and Hopkins have given us sections 
across the Cordilleras ; and it is much to be regretted that Profes- 
sor Hartt has failed to give us a physical map, with geological 
sections and reliable altitudes. We need a carefrd section from 
Rio to Pard, and another from Mandos to the mouth of the 
Orinoco. Barometrical measurements are indispensable ; but, so 
far as we know, the only consecutive observations with a mercarial 
barometer across the continent are those made by the writer in 

1867.t 
It is probably safe to say this much : that South America began 

* The Casiquiari is on! j four hundred feet abore the sea, or about two hundred 
above the centre of the Amazon basm. 

t Publuhed in Am. Jour, of Science, Sept, 1868. 
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with the table-lands of Guiana and Brazil ; * that the subsequent 
upheaval of the Andes left estuary friths now marked by the three 
river systems ; t that the Andes did not reach their present alti- 
tude untU after the deposition of the Amaason formation, though it 
was a slow movement in mass, for the beds are nowhere unequally 
tilted or dislocated ; t that the archipelago on the north was for- 
merly xmited to the southern continent, and that it has since been 
an area of subsidence ; § and that simultaneously with this subsi- 
dence was created the low watershed which now separates the 
Amazon and Caribbean waters. 



* Bates has shown that the geographical distribatlon of insects indicates that 
Guiana was formerly an island. 

t The sediments from these straits near the ocean would haye a purely marine 
character ; and Bartt obsenres that the days and sandstones on^e coast tie in 
with those of the Amazon. 

I This certainly follows, if the Pebas and Fichaua shells prore to be early ter- 
tiary. The day beds ascend the eastern slope beyond the Tillage of Napo, which 
stands 1,400 feet aboye Par^, and in long. 77^. The red day was not prominent 
on the Rio Napo till we reached long. 74^, and altitude of 650 feet, where there 
is a very high bank called Puca-urcu, or monte ooiorado, containing lignite, — una 
mina de carbon depiedra, says Villayicendo. This interstratified lignite is trace- 
able esstward as fiur as Tabatinga. Darwin says that the Fampean formation 
was accompanied by an eleyatory moyement 

§ This is suggested by the South American character of the West Indian 
mammitlg and mollusks. There are palieontological reasons for belieying (Pro- 
ceedings of the Academy of Natural Sdence, Fhila., 1868, p. 818) that the Carib- 
bean continent was not submerged before the dose of the Foet Fliocene. 
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II. ZOOLOGY. 

1. On the Homologies of some of the Cranial Bones of 

THE RePTILIA, and ON THE SYSTEMATIC ARRANGEMENT OF 

THE Class. By Edward D. Cope, of Philadelphia, Penn. 

The great group of Reptilia may be considered as well circum- 
scribed by the characters presented by their skeletal strutcure. 
They may be defined as vertebrates, with mandibular arch sus- 
pended from the cranium by the intervention ol an os quadratum, 
or extrar-auricular malleus ; with the basis of the cranium formed of 
the cartilage bones, basisphenoid, sphenoid, and usually presphe- 
noid ; with a coracoid bone ; and with metatarsals, metacarpals, 
second row (and usually first row) of tarsal and carpal bones dis- 
tinct, and not coosified. 

Within these limits there exists perhaps a greater variety of 
structure, in other respects, than in any other vertebrate class. 
The homologizing of the elements which present this variety is 
therefore a point not attainable without much study, while the 
homologizing of the same with their representatives in other 
classes is still more difficult. In the present essay a few points of 
this nature are, it is hoped, elucidated, especially with reference to 
the structures of the crania in the orders Ichthyopterygia and 
Anomodontia. Finally, the bearing of these and other points on 
the systematip arrangement of the class are alluded to. 

1. Homologies and Composition of the Cranial Arches. 

The bony arches which connect the facial part of the cranium 
with the posterior part of the brain-case, in nearly all Vertebrates, 
are primarily only two in number ; viz., the zygomatic and the 
quadratojugal. They, however, form connections with each other 
and adjoining portions of the cranium, so as to complicate their 
determination, which is increased when one or other of their usual 
connections is, under these circumstances, atrophied or omitted. 

The zygomatic arch takes its name from the only one which is 
present in the Mammalia ; and that arch which is homologous with 
it throughout lower vertebrata must retain the name. It is then 
the arch connecting the maxillary with the squamosal (or squamo- 
sal part of the temporal) bone, and is therefore composed in large 
part of the malar. 



I 

I 
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The quadratojugal arch, as its name implies, is that which con- 
nects thq maxillary with the quadrate bone. As the quadrate 
bone only exists as the malleus within the ear-chamber in the 
Mammalia, it is obvious that it cannot exist in that class. It can 
only be found in the vertebrata^ from and including the birds^ 
downwards. As the quadratum is projected below the squamosal, 
the position of this arch is always infenor to that of the zygo- 
matic. It is composed normally of the malar (or jugal) and quad- 
ratojugal. 

A third arch, which is especially characteristic of the Reptilia, 
connects the parietal bone with the superior extremity of the quad- 
rate. The connection is accomplished by the intervention of the 
opisthotic or squamosal, or both. 

** The character of the arches existing in the different types of the 
vertebrata, above the Dipnoi, may be expressed schematically by 
the following table : — 

I. NeifhA zygomatic nor quadratojugal arches, 
a. Without parieto-quadrate arch. 
Batrachia Urodela except PleurodelidsB ; Ophidia. 
Lacertilia Ophiosauri and Typhlophthalmi. 
Testudinata Chelydidss. 
Mammalia Edentata (part). 

a a. With parieto-quadrate arch. 
Lacertilia Njctisaura. 

Testttdinata (HjdromedusaPlatemys Bhinemje). 
IL Quadratojugal only. 

a. Without parieto-quadrate arch. 
p. With quadratojugal bone. 
Ayes. 

pp. Without quadratojugal bone. 
Batrachia Anura in general, 
m Quadratojugal and zygomatic arches present. 

1. No postorbital arch. 
Batrachia Anura (Discoglossus). 

2. A postorbital arch. 

a. Without postorbital bone. 
Crocodilia. 

a a. With postorbital bone. 
Batrachia Stegocephali (Apateon). 
Ichthyopterygia. 
Rhynchocephalia (Sphenodon). 
1 Sauropterygia. 
Omithosauria. 
lY. Zygomatic arch only. 

1. With postorbital arch. 

a. With postorbital bone. 
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* Malar portion of zygomatic arch absent. 
LacertiUa Varanidfle.' 

** Malar portion present. 
LacertiUa in general. 
Anomodontia. 
Sauropterygia (? all). 
Testudinata in general.* 

a a. Without postorbital bone. 

* Malar portion wanting. 
Batrachia Urodela Pleurodelidse. 
Pythonomorpha. 

** Malar portion present. 
Batrachia Gymnophiona. 
Mammalia Quadrumana, Artiodactyla, Ferisaodac^la (part). 

2. Without postorbital arch. 
Mammalia CamiTora Proboscidia Perissodactyla (part), Cetacea, Bodentia, 
Edentata (part), Monotremata. 

From the above table, it will be observed that each class, and 
sometimes single orders, present many or several of the vari- 
ous types of structure of the arches. These arches are more or 
less protective or fixative in their use ; that is, they protect the 
orbit, the temporal muscle, or the oral cavity, or fix the quadrate 
and prevent its motion. As adaptive characters, they are thus 
those which define very subordinate representatives of all the 
orders. 

From want of analysis, the proper determination of the arches 
has not always been made, and the identification of the component 
and adjacent bones vitiated. This is no doubt owing to the ^t, 
that in many Reptilia, where the orbits are large, and the temporal 
fossa small, — 6.^., Ichthyopterygia, Crocodilia, etc., — the zygo- 
matic arch makes a strong sigmoid flexure, leaving the quadrato- 
jugal to take the more direct course to its terminus. Thus Owen 
(Palaeontology) homologizes the quadratojugal arch of Ichthyo- 
saurus with the zygomatic of Mammals, and the true zygomatic 
with the temporal fascia of the same. In the same way (I. c, p. 
210), he homologizes the quadratojugal arch of Nothosaurus with 
the zygomatic, thus : " The lower one (t. 6., arch) is formed by the 
malar (27) and squamosal (28), the latter answering to the true 
zygomatic arch in Mammals." The figures obviously refer, in the 
cut, to the malar and quadratojugal bones ; while the "^ mastoid " 

* The postorbital is prolonged so far downwards in Chelone and Chelydra, as 
to look like a quadratojugal. 
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in this, as in other detenninations of the same author, is the squa- 
mosal.* 

In the same way Giinther, in describing Sphenodon (Philos. 
Trans., 1867^, calls the quadratojugal arch the zygomatic, and the 
zygomatic the '^temporal arch," employing a new name to desig- 
nate it. Stannius (Zootomie der Amphibien) appears to have cor- 
rectly identified the zygomatic arch in Lacertilia, but erroneously 
in the Crocodilia. 

Before proceeding to determine more exactly the homologies of 
the posterior cranial bones, I will describe the cranial structures of 
Ichthyosaurus and Lystrosaurus, as our literature appears as yet to 
be deficient in these points. 

2. On the Oranium of the Ichihyopterygia. 

Commencing with the foramen magnum and occipital condyle, 
as fixed points, the connections of the bones, as they succeed each 
other forwards, may be safely considered. 

All four of the occipital elements contribute to the margin of 
the foramen magnum, the supraoccipital not being excluded as in 
Crocodilia, Anomodontia, etc. The external or lateral margin of 
both exocdpitals and basioccipital are excavated by a large foramen. 
The continuous margin of both between these points is united to 
a bone which extends outwards and upwards, and which con- 
tributes by its superior and inferior margins to the outlines of the 
foramina just mentioned. Exterior to these, from the basioccipi- 
tal to near the apex of the supraoccipital, there are no bones 
suturally united, and there is a vacuity in this position not seen in 
any other Reptilian cranium. 

From the exterior margin of the inferior foramen, a subcylindric 
bone extends outwards. It is contracted medially, and is not in 
sutural connection with any other. Immediately exterior to it is a 
flat subvertical bone, which, as it bears the articular condyle for 
the mandible on its lower extremity, is no doubt the quadrate. 
That it is such is also proven by the fact that it is anteriorly con- 
nected to the malar bone by a quadratojugal. 

If we now turn to the lateral view of the skull, we observe the 
zygomatic arch, as determined above ; «. e., the superior of the two 
extending firom the malar, and that which supports the postorbital 
arch. The bone which forms its posterior half must be the squa- 

* This descriptioD, by the way, differs from Yon Meyer's flgttres of Nothosau- 
ras, where but one arch is represeDted. 
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mosal, not only on this accoiint, bnt because, ae in other Reptilia, 
it is articulated with the summit of the qnadrate. 

Turning again to the posterior face of the craninm, we may be 
in a position to detennine the two bones described above as lying 
outside of the occipitals, and between them and the quadrate and 
the squamoaals. The superior (Op. O, fig. 2) occnpies the position 
of" the " external occipital" of Cuvier, in the tortoise, both by its 
articulation with the exoccipital (Ex. O) and its direction towards 
the Bquamosal (Sq). Its separation from the supraoccipital, and 
contact with the basioccipital, are against this determination, yet 
Rg.l.» 



the weight of Uiese ailments is much less than that of those for 
it ; and therefore I suppose it to represent that bone, which is the 
opisthotio of modem nomenclature. 

The lai^ foramen below the last, and exterior to the ba^ 
occipital, is in the position of the , opening of the internal ear in 
the Lacertilia, aa regards its relation to the latter bone, the opis- 
thotic being separated from it by the extension outwards of the 
exoccipital. Its relation to the opisthotio is the same as that in the 
Chelouiidte, where it is separated from the basioccipital by an in- 
ferior process of the exoccipitaU It is probably the fenestra ovale ; 
and, if so, the second bone in question (atap) becomes the alapea. 

It is a question, however, to what extent this element is really 

■ Fig. 1. — IcbthroMuru i Ut«ral view (from speciiiieii from Banow, Leioet- 
terahira). 

Pmx, . Pr«maiiUuT bone. Qj - ■ - QuadnUojugaL 

Mi. . . HaiiUarj. Q Quadnte. 

N. . . . Haul. Fob. . . Postorbilal. 

Ft. . , . Frontal 8q. . . . SqiuuDosal. 

Prf. . . PrafroQtaL D Dentarr. 

PoC . . PostfronlaL An. . . . Angnlar. 

Pa. . . Farietal. At. . . . Articnlar. 

L. . . . Lacbiymal. S. At. . Subartienlar. 

'( Malar. Pter. . . Pterygoid. 



stapes. In ezistiDg reptiles, it is onl; proximally expanded, and 
dtstally a slender rod terminating in the cartila^ons expansions 
called by Hnxley * suprastapedial and extrastapedial ; the latter 
beisg, as the same author shows, the support of the stylohyoid and 
other elements of the hyoidean arch, and with the suprastapedial 
the homologne of the incns. The expanded distal end of the bone 
marked »tap, in Ichthyosaoms, looks as thongh it were the homo- 
logne of the oartili^inous expansions mentioned, in which case that 
bone becomes stapes and incns combined. This seems to ns very 
probable.f 

As a whole, this bone is in that case homolc^ng with the hyo- 
mandibnlar of the Sharks and TeleosteL This has been pointed oat 
by Hnxley on embryological grounds to be the case with the incus. 
If the element (stap) in IchthyoBauroB represent both stapes and 
incuB, the same is probably true of the hyomandibular. 

Turning again to the squamosal, we find it appears to possess an 
extraordinary development. Besides forming the posterior portion 
of the zygomatic arch, as in other vertebrata, and forming part of 
the combination which supports the quadrate, as in Reptiles and 
Batrachia generally, it sends down ^^ ^ 

behind the quadrate a plate for 
more than one-third the length of 
the latter to the superior mar^ 
of the stapes. Instead of joining 
the parietal or opistfaotio at its pos- 
terior mai^n, it is continued in- 
wards to near the apex of the 
eupraoccipital, and bending for- 
wards continues, in company with J"! ^ 
its fellow of the opposite side on Fig. S. t 
the inner face of the temporal fossa, to a point above the middle of 
the orbit, where it unites sutorally with what may be called the pari- 

* In a moat valuable eua; on " The BcpretentatiTei of the MaUeni and the 
Idcoi of the Mammalia" (Proceed. Zdal. Soc,, 1B69, p. Sei). 

t In the Berpent XmoptkU vnicalpr, a anperior process of the Btapes (laprula- 
pedial) is ouifled, and a tepuate element at the end of the bone (eitraatapedial 
f. Btylohjal?) ii abo otaifled. (SeeBg. 2.) 

t Fig. 2. — Icbth^ouonu ; cramnm; potterior view. Lettering the aame aa 
in flg. 1, with the following additloiis : — 
B. O. . . Baiiocdpital. Op. O. . Opiithotic. 

Ex. 0. . Eioccipilal. Stap. . . Supreitapedial, or hyomandibo- 

8i^. O. Snpiaocxlpital. lar. 



B. NATU&U. HISTOST. 



«tal. (See figs. 2, 3, Sq.) Though it cannot Tet be asserted that 
this is one primary element, yet in the adult IchthyoBanros there is 



Cnudnin of IchtbTOMomt without wcliea. 

Col, Ctdnmella. Pt, Pterygoid. 

(The anterior extremi^ of tbe sphenoid ii Imperfect.} 
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no line of division to be discovered.''*' It will be seen later that the 
same structure exists in the Anomodontia and Sphenodon. It is 
not impossible that its anterior portion will* be found to represent 
the element in Teleostei, called by Huxley, perhaps by error, 
Squamosal. 

Ketuming to the external arches, we find the zygomatic is par- 
tially vertical, owing to the large size of the orbit and the shortness 
of the posterior region of the cranium, and that it is extended by 
a supernumerary bone not found in the Mammalia, for which I 
adopt the name given by Owen in this genus, of postorbital. (Figs. 
2, 4, 13, Fob.) It is the temporal of the Testudinata of Cuvier, 
and one of the postfrontals of the Lacertilia of the same author. 
It is most erroneously called quadratojugal by Stannius, and by 
Giinther, who follows him, in Sphenodon. 

Anteriorly it articulates with the malar, here a long slender bone 
on account of the size of the orbit, and which, as usual, articulates 
anteriorly with the maxillary. Posteriorly the extent of the post- 
orbital separates it from the squamosal, as is the case with some 
Lacertilia; while a short quadratojugal connects it with the quad- 
ratum, precisely as in the Crocodilia. This latter bone is the squa- 
mosal of Owen, who, on account of this erroneous determination, 
was compelled to apply a new name to the true squamosal, calling 
it " supratemporal." (See Palasontology, p. 198.) 

Posterior to the postfrontal and postorbital, is an ovate bone 
connecting them with the squamosal. This is also peculiar to this 
order, and is the supersquamosal of Owen. 

The postorbital arch is quite horizontal, and is composed of the 
postfrontal exclusively. 

Turning to the superior aspect of the cranium, if we assume 
that the two posterior elements bounding the temporal fossae are 
continuous with the squamosal, as has been above shown, there is 
no difficulty in determining the elements in front of thenu Thus 
the undivided bone with large fontanelle near the posterior margin, 
bounding the squamosals anteriorly, would be the parietal. The 
posterior half of each of these bones is concealed by the anterior 
portion of the laminar squamosal as in Sphenodon : they descend 
beneath the latter to a point a little before the line of the middle 
of the temporal fossa. It scarcely touches its fellow on the median 
line behind the fontanelle. The general shape of the bone is 

* I baye sinoe found a suture in two of our Ichthyosaurus crania, and Dr. 
Seeley states that that is the normal structure. 

A. A. A. S. VOL. XIX. 26 
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square. Each half is united to the bone behind it, except at the 
median suture, by a double squamosal suture, the squamosal bone 
sending a plate below as well as above it. Medially the suture is 
single and serrate. Suspecting that the bone here determined to 
be parietal might possibly be frontal, I searched for a bone posterior 
to it, beneath the prolongation of the squamosal, but without suc- 
cess. That the squamosal should contribute to the brain-case is 
apparently anomalous among Reptiles, though not among warm- 
blooded Vertebrates ; but if we suppose the anterior plate to be 
the epiotic the difficulty is much lessened. 

It might be objected that the position of the fontanelle was 
rather in favor of the determination of this bone as frontal, since it 
is, as in the Lacertilia, pierced in its posterior margin, and there- 
fore probably, as in that order, included between the frontal and 
parietal. But in reply it may be asserted that the position of the 
fontanelle in the two orders most nearly allied to the Ichtbyop- 
terygia — t. e., the Anomodontia and Rhynchocephalia — justifies 
the interpretation I have placed on this bone. Thus, in the former, 
it is pierced in the middle of the parietal with a suture extending 
from it to the occipital suture. In the latter it lies near the poste- 
rior margin of the parietal, so far as visible ; for the latter bone is 
doubtless overlaid by the squamosals, as in Ichthyosaurus. Giin- 
ther is probably correct in describing this median bone as parietal 
in Sphenodon. 

The long paired bones, immediately anterior, which extend to 
near the middle of the muzzle, are the frontals. They extend to 
the premaxillaries, a junction only found in Reptiles with posterior 
nostrils, as P3rthonomorpha, Yaranidae, etc., but common among 
Fishes. In Sphenodon the frontals are unusually produced in 
front. 

Articulating with them on each side, and bounding the anterior 
and post and superior margins of the orbit, are the pre and post- 
frontals in their usual positions. The former almost excludes 
the latter from contact with the frontals, and leaves its connection 
with the parietal more extensive. Anterior to the frontals comes 
the elongate premaxillary. This of course bounds the nares in 
front ; and as the latter are far removed posteriorly, in this order of 
Reptiles, the nasal bones have a posterior position also. The latter 
are much reduced in size, and have a very short suture with the 
frontals, being more extensively united with the lachrymal. They 
are entirely separated from each other by the anterior prolongation 
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of the frontal, and are chiefly to be recognized by their position 
as roofing the nares posteriorly, and .their connection with the 
frontal. In one of our crania I observe that they are absent. 

The maxillary is much reduced, in connection with this position 
of the nares. It is separated from union with the prefrontal by 
the large lachrymal, which extends to both the frontal and the 
premaxUlary. 

Such a determination of the bones of the roof of the cranium 
differs materially from that of Cuvier and Owen. The former 
(Ossemens Fossiles, Tab. 257, figs. 1-5, and p. 103, V, 2 plates) 
laid a wrong basis by assuming the bones (figs. 2, 3, Sq) to be the 
parietals : the parietals become then frontals, and the frontals are 
called nasals, the true nasals being entirely overlooked. Owen 
(PaljBontology and Comp. Anat. Vertebrates) follows Cuvier in 
these points. Gunther falls into error as regards the squamosal 
branches in Sphenodon, uniting them with the true parietal as 
parietals. The frontals he names correctly. The parietal in Sphe- 
nodon is shown by Gunther's figure to be a simple medial element, 
as in Ichthyosaurus. 

Having, however, observed a suture separating the squamosal 
from its supposed anterior plate in one young' and one adult Ich- 
thyosaurus cranium, it has occurred to me that possibly the speci- 
men here described may have a coalescence of two elements really 
distinct. In that, case the anterior bone will not be homologous 
with that in same position in Lystrosaurus, but may be, as usually 
stated, the parietal. The other bones in front of them would then 
retain their usual names, the supposed nasals (n) remaining with- 
out determination. 

Turning to the base of the cranium of Ichthyosaurus, we observe 
that the palatines and ectopterygoids are broad, flat bones, whose 
exterior margin is in contact with the maxillary and malar to 
opposite the posterior margin of the orbit, flooring the latter (fig. 
3, Ectp). The pterygoids, on the other hand, contract abruptly 
behind this point, and support the columella. They then expand 
to a degree unusual in the Reptilia, and extend over the whole 
space between the basioccipital and the quadrate, joining both 
closely, and projecting behind their posterior plane. Its margin is 
recurved as far as the stapes (Pt, figs. 1, 2, 3). 

The columella is very stout at its point of contact with the 
pterygoid, and above it ; but higher it contracts much, and then 
expands anteriorly into the parietal branch of the ? squamosal with 
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which it seems to be oontinuoos, as I cannot see any suture sepa- 
rating them. 

The basis cranii is incomplete, and is formed of basioccipital 
and basisphenoid. The latter (Cuvier, Oss. Foss., Tab. 257, figs. 
12, 13) supports an alisphenoid on each side. 

In considering the affinities of Ichthyosaurus as exhibited by the 
cranium, it may be premised that the structure of the limbs sepa- 
rates it as a very distinct order among Reptilia. The peculiar 
disposition of the squamosal is only paralleled among Anomodontia 
and Rhynchocephalia, and the character of the columella resem- 
bles only that of the former in its connections. The occipital 
elements have more the disposition of those of Sphenodon than of 
any other type, but there is a great difference in the position of 
the opisthotic. The arches are also those of the same genus, ex- 
cept that in the latter the quadratojugal is obsolete, or coossified 
with the malar. The structure of the 'front and base of the skull, 
and of the mandible, in Sphenodon, have no resemblance to those 
of Ichthyosaurus. The anteriorly unossified brain-case is that of 
several other Reptilian groups, while the presence of the alisphe- 
noid furnishes a point of resemblance to the Crocodilia. 

In general there' are few points of affinity to the Crocodilia. The 
characters of the parietal bone are those of Sphenodon. The ver- 
tebrae are intermediate between those of that genus and the Lacer- 
tilia, and those of the Anomodontia ; for the capitular and tubercu- 
lar processes are confluent on the former, and widely separated in 
the latter, the tubercular being elevated to the neural arch. In the 
Ichthyopterygia they are separated, but both are on the centrum. 

Thus the Reptilian affinities are divided between the Anomo- 
dontia and Rhynchocephalia, and are not very close to either. 
They are much less with the Lacertilia, and still less with the Tes- 
tudinata and Crocodilia. 

There are some extra-reptilian indications worth observing. The 
most important of these is the great extent of the pterygoids back- 
wards and inwards, paralleling only in this some Batrachia, 6. g^ 
Rana (fig. 21, Pt). The large size and form of the stapes are 
similar to that seen in Ccecilia. The posterior development of the 
squamosal is alluded to later, in the discussion of the homologies 
of that bone. 
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3. On the Cranium of the Anomodontia, 

The bones of the superior and palatal surfaces of the cranium 
of the genus Dicynodon have been described by Owen ; and the 
structure of the internal walls of the palatal and nasal cavities, 
with the occipital and mandibular bones, have been described by 
Huxley, from the Ptychognathus murrayi. The relations of the 
elements of the lateral walls of the brain-case, and the attachment 
of the OS quadratum, have, so far as I am aware, never been made 
out. As these points are of the first importance in determining 
the affinities of the Anomodontia, I take the favorable opportunity 
for elucidating them, furnished by the very complete cranium of 
the Lystrosaurus frontosus, Cope, kindly placed at my disposal by 
Dr. E. R. Beadle.* 

The maxillaries articulate posteriorly and externally with the 
ectopterygoid bone. This is vertico-oblique in position, its depth 
twice as great as its length. The pterygoid, which articulates with 
it posteriorly, is seen laterally, a flat hour-glass shaped bone, the 
anterior extremity embracing the ectopterygoid by a superior and 
an inferior process, whose articular faces are at right angles with 
each other. The contracted portion presents a longitudinal exter- 
nal angle, which disappears on the posterior part of the maxillary. 
At this point the pterygoid is arched upwards and inwards : it is 
then deflected outwardly and downwards to the extremity of the 
quadratum. 

The relations of the pterygoid to the bones forming the ante- 
rior walls of the brain-case are of much interest, and throw great 
light on the vexed question of the homologies of the columella of 
the Lacertilian and Rhynchocephalian Reptiles. The adjacent 
bones may be first described. 

The presphenoid is a flat lamina with arched superior mai^in, 
resembling that of the Crocodilia. It extends forwards in this 
species to the line of the frontal tuberosity. The inward and up- 
ward expansion of the pterygoid behind its median contraction, 
already described, appears to be in contact with the inferior margin 
of the presphenoid. It is not likely that this expansion belongs to 
the presphenoid, though it is difficult to perceive the suture. 
The expansion is subvertical. Posteriorly it expands backwards 
and outwards, forming the fundus of a deep subvertical groove, 
and unites suturally with the antero-interior margin of a bone, 

* For description of this species, see Proceed. Am. Philos. Soc., 1870, p. 419. 
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Figi. 4. and 6. — Lystroiauriw IrontosuB (from Cnpe Colony) ; proSlei. (Tig. 
6, diagram with arcliea rcmoTed.) Lellering an in flgt. 1 and 2, with the follow- 
ing additions: — 

EtTom. . EthmoTomerine- Col Columella. 

Sph. . . . Sphenoid. Ectp. . . . EcCoptery gold. 

Pro. . . . Frootic. Subfut. . SnbBrlicular. 

Pier Plei7Ki^d. 
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which I suppose to be the probtic. From the anterior and more 
horizontal portion of the pterygoid expansion, a thin laminar bone 
rises, which presents an angle outwardly. Superiorly and inwardly 
it appears to be continuous with a slender prolongation of the 
anterior angle of the parietal plate already mentioned. Not 
suspecting its existence, I destroyed a portion of this rod, in re- 
moving the matrix ; but a piece from a point intermediate between 
the parietal and pterygoid extren^ities remains attached to the 
specimen in place. This element is, no doubt, the columella, 
whose existence in this group of Reptilia has not heretofore been 
suspected. It encloses a narrow vertical antero-posterior foramen 
with the presphenoid. 

Two openings into the brain-case are visible : that between the 
parietal plates, common to most Reptilia, and the foramen, trans- 
mitting the fifth cranial nerve, the combined foramina ovale and 
rotundum. Another foramen is enclosed between the pterygoid 
and the element which bounds the prootic in front and below. A 
narrow bone with rounded edge extends from the superior origin of 
the columella, downwards and outwards to the prootic, bounding 
the foramen ovale above. It resembles the rod-like projection of 
the columella of Testudinata (see fig. 5), but that is below, not 
above, the foramen. 

The exact composition of the suspensoria of the os quadratum 
is a little difficult to determine, owing to the obscurity of the 
sutures. The posterior parietal arches {^g. 7, Pa) are narrow and 
shorty the posterior boundaries of the temporal fossa being chiefly 
formed by the squamosals. The latter commence on each side of 
the parietals, a little behind the anterior extremity, and form the 
overhanging margin of the temporal fossa, inwardly as well as 
posteriorly. The posterior plate of the parietal on, each side is 
proximally enclosed between the squamosal and supraoccipital, 
then between the former and a thin laminiform bone, which 
extends laterally from the supraoccipital, and above the exoccipi- 
tal. It is in contact with the squamosal for most of its length, 
but does not extend to opposite the zygomatic arch, and of course 
not to the os quadratum. This element, in spite of its exclusion 
from articulation with the quadratum, appears to be homologous 
with that which in Iguana extends from the same position to that 
articulation, and which is evidently homologous with the opisthotic 
of the Testudinata. 

The squamosal is very largely developed in Lystrosaurus.. Con- 
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tinuing round the temporal fossa, it sends forwards the usual zygo- 
matic arch, and — what is noteworthy — unites with both postfron- 
tal and malar, leaving the usual tripodal supplementary postorbital 
as a wedge-shaped plate, bounding the antero-inferior angle of the 
temporal fossa. The squamosal continues without interruption to 
the inferior extremity of the quadratum, concealing the latter 
entirely on a posterior view. I find no suture separating it from 
the superior portion already described, on either side of the cra- 
nium ; and on reference to Owen's figure of Ptychognathus 
decliviS)* I find that he found them continuous in that spedes. 
He calls this element the " masto-tympanic," which would be the 
Cuvierian nomenclature for opisthotic-quadrate of modem anato- 
mists. I find, however, that it does not include the quadrate 
which is situated immediately anterior to it, and does not appear 
to contain the opisthotic, which, as already described, is distinct. 
It is in fact figured by Owen in Pt. declivis, and named parietal, 
the close squamosal suture separating it from the posterior arches 
of the latter bone not having been detected. 

When the supposed quadrate bone is fractured, it is found to 
consist of two vertical plates, of which the anterior bears the nar- 
row transverse articular face for the mandible, excluding the poste- 
rior one. This I take to be the os quadratum. Its width is not so 
great as that of the posterior plate or squamosal, and it does not 
ascend much more than half way to the zygomatic arch. Its supe- 
rior margin appears to be received by the margin of the thicker 
superior portion of the squamosal, which somewhat overhangs it. 
I cannot trace its inner margin. A descending portion of the 
inner face of the squamosal approaches very near the posterior 
part of the pterygoid, and it is doubtful whether the quadratum 
extends interior to this point. The bony wall which appears 
below the prootic has been already alluded to as continuous with 
the pterygoid expansion, but it may represent the lateral processes 
of the sphenoid, or even part of the alisphenoid. 

The squamosal or parietal sends down on each side a vertical 
plate, which terminates in a slender bony prolongation firom its 
anterior margin. The plate is subquadrate, and twice as deep as 
wide antero-posteriorly. The osseous ethmovomerine septum ex- 
tends posteriorly to between the anterior margins of these lamin», 
and is prolonged inferiorly to the presphenoid, the suture with the 
latter extending beyond the anterior line of the above-mentioned 

* In Proceed. GeoL Soc., Lond., zir., Tab. 1. 
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lamiDie. I o&n find no suture separating these plates from the 
squamosal above, and am therefore disposed to doubt whether 
they do not belong to these rather than to the parietals. 

The ? epiotic is a subovate bone with truncate extremities, which 
has its long axis directed npwards and inwards. It is in contact 
with the parietal and the descending anterior plate of the squamo- 
sal, and inferiorly with the bone described in the next paragraph 
as prootic It occupies a position similar to that seen in Sphenodon, 
excepting that it does not appear to extend to the quadratnm. It 
might be questioned whether this bone is not really the proijtic 
The element below and anterior to it (fig. 6, Pro) is emai^inated 
for the exit of the fifth nerve (Y) ; and though I cannot find its 
inferior borden, and the portion behind the above foramen is nar- 
row, it appears to me to answer more nearly to the prootic of 



Fig. 6.— [CraDiuin from behind.) 

Lacertilia than to an alisphenoid, which it would otherwise be. 
This is the more probable, in view of the &ct that the supposed 
epiotic has its counterpart in Sphenodon, in which case this must 
be prootic. 

The fenestra ovale (fig. 6, FO) is not readily discovered, but 
appears to be represented by a rather small oval foramen-like emar- 
ginatioD of the exoccipital. It is situated just within the quadrate 
plate of the sqnamceal, and beneath the sygomatic process. I find 
no stapes. IS it existed, it extended outwards beneath the over- 
hanging margin of the squamosal, on the plane of the superior 
mar^n of the oa quadratnm. 
A. A.. A. s. VOL. nx. 27 
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Taming now to those portions of the craninm which are bett«r 
known in allied species, I find the exoccipitalB andivicied, as did 
Owen in Ft. declivis, and Hnzley in Ft. mnrTayi. I do not even 
find a median suture separating that of the right side from the 
left. Each presents a strong rib extending to oppotdte the zygo- 
matio arch. The inferior portion is a anbtriangnlar plate, oon- 
tJnaooB superiorly with the rib just mentioned. It is also raised 



Ilg. 7. — (CnDinm fromaboTe-) 
Ljrtrowonu frontotu. (Lettering m in flgi. 1 and 2.) 

on the median line, and the inferior ontline is concave and directed 
downwards. The supraoccipital is vertically ovate, and separated 
from the parietals by squamosal sutures. It does not reach inferi- 
orly to the occipital foramen. 

The parietals viewed from above form together a subqaadrate 
plate, with the angles mnch prolonged ; the anterior broadly to 
the postfrontals ; the posterior as laminie between the squamosals 
and opisthoticB forming the parieto-squamosal arch. They em- 
brace a rather large fontanelle, from which the median suture is 
distinct posteriorly, but invisible anteriorly. 

The frontals are marked posteriorly by a large tnberodty, which 
bounds inwardly a concave surface on each side between it and the 
raised margins of the orbits. These margins are continued poste- 
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riorly. This raised nuu^ is turned inwards above the postfron- 
tals, giving the orbits a slight postero-Buperior notch, which is 
much less developed than in Pt. declivis, according to Owen's 
description. It is slightly mgose in consequence of transverse 
grooves. They are prolonged into the prefrontal tuberoMties, 
which are very large, more developed than in any other spedes, 
resembling mdimental boms. They present a sharp edge oat- 
wardly, as the front margin of the orbits and the superior and 
anterior planes are at right angles to each other. The middle 
line of the front, descending more gradually, causes tbe angle 
between it and the premazillary to be rather more open. 

The premazillary region is remarkaUy contracted ; and its length 
from the frtint is about equal 
to the distance between the 
prefivntal horns, producing 
a T-shaped outline. On' 
the middle line it presents 
a high laminar keel, which 
separates two parallel sulci. 
These extend to the end of 
the mnzzle, and are bound- 
ed externally by a strong 
longitudinal angle. The 
external &ce of the maxil- 
lary is occupied by a wider 
longitudinal concavity par- 

aUeltothelast Theposte- Pig.8.-L,Btr<»auru.frontoiM. 

rior angle of the bone flares (LetterinK ai in Bg. 1.) 

out behind it. The posterior (superior) " spine " of the premazil- 
lary extends &r between the nasals, and nearly to the anterior pro- 
longation of the frontal. 

The nasals are prominent, each presenting a low boss forwards, 
which enclose a concavity on each ude with tbe tuberosity of the 
premaxillary spine, They overhang the nares superiorly. 

The lachrymal is a small bone intercalated between the pre- 
frontal and tbe maxillary. In front of and below it, a larger bone 
extends to the nostril, constituting the principal part of its poste- 
rior boundary. This bone is described by Owen in the Pt. latl- 
frons. Its homologies are not determined. 

The alveolar margin of the upper jaw is undulating, presenting 
a short median beak-like prominence, then a concavity, and poste- 
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riorly a convexity to the tusk. The edge of the mandibular niA 
is correlated between these cutting edges, but its extremity is 
three-lobed. These lobes correspond to three grooves within the 
premaxillary portion of the edge of the jaw, which are separated 
by two ridges. The section of the tusks is cylindric, and where 
broken, at the alveolar margin, the pulp cavity is minute. 

The malar bone is small, and of a subtriangular form, one apex 
being posterior. The antero-superior angle extends to the lachry- 
mal, thus excluding the maxillary fix>m the circumference of the 
orbit. 

The dentary bone extends &r posteriorly, and forms the greater 
part of the circumference of a longitudinal foramen, which pierces 
the middle of the ramus. The angular is prolonged into a keelr 
like plate below, which is truncate behind, and rises gradually 
anteriorly. Its margin, which articulates with the articular, is cut 
out by a deep foramen. 

The angular and articular bones are both horizontal. The coro- 
noid appears to be broken o% interior, or wanting. The angular 
extends to the symphysis.* 

The palatal surface is not exposed. 

Affinities of the Anamodantia. 

The attachment of the os quadratum, with the Mammalian type 
of rib articulation, and the elongate sacrum, induced me to regard 
the Anomodontia as a subgroup of the Archosauria. The absence 
of the quadratojngal arch, usual in the latter order, and the lack 
of information respecting the mode of attachment of the os quad- 
ratum, rendered it probable that the group waa aberrant, or even 
not properly referable to it. The extension of the exoccipital 
bones, so as to close the parieto-squamosal arch, is found among 
Lacertilia in the Stenodactylus guttatus, and a very few other 
species ; but its extension to the quadratum below the proximal 
articulation does not occur. 

The immovable articulation of the quadratum throughout its 
length to the squamosal, and by its whole inner margin (as I 
suspect, but cannot see without too much injury to the specimen) 
to the exoccipital, removes the Anomodontia from the Lacertilia, 
and associates them with the Archosauria, in accordance with the 
indications furnished by the ribs, sacrum, etc. The withdrawal of 

* See Trans. Amer. PhiloB. Soc., 1869, pp. 27, 88, 



ZOOLOGY. 213 

the prootics and opisthotics from its support constitutes a step 
towards the liberation of the quadratum, and places it nearest the 
Lacertilia, in the order. This indication is confirmed by the sim- 
ple premaxillary bone, and the lack of quadratojugal arch. 

Among LacertUia, the Ghamffileontidra make the nearest ap- 
proach, though a remote one. This is seen in the posterior pro- 
longation of the dentary bone, and the often rudimental dentition. 

The nearest approach outside the Archosauria is to the Rhyn- 
chocephalia, as represented by the existing genus, Sphenodon.* 
Here the canine teeth begin to show an increased development, 
and the other teeth to become obsolete or confluent. The nearest 
approach to the great development of the squamosal in Anomo- 
dontia is seen in this genus, and they both possess an ossified sep- 
tum orbitorum. In both, the posterior extremity of the pterygoid 
is much expanded, and supports a columella. 

In summing up, the following significance may be attached to 
the above characters. From this it wiU be seen that the Anoino- 
dontia present a remarkable combination, and well deserve the 
appellation of a ^generalized type." Characters of Crocodilia 
are : 1. Presphenoid keel ; 2. Expanse of pterygoid to unite with 
it; 3. Foramen of the mandible ; 4 Reduction of zygomatic bone. 
Testudinata : 1. Edentulous jaws ; 2. Codssified mandibular rami, 
with foramen. Rhynchocephalia : 1. Largely developed squamo- 
sal; 2. Osseous interorbital septum ; 8. Distinct ? epiotic ; 4. Bi- 
concave vertebraB; 5. Columella; 6. Foramen parietale; — the 
last two belonging also to the Lacertilia, which have further in 
conmion with Lystrosaurus : 1. Absence of quadratojugal arch ; 
2. Simple premaxillary bone (mostly). 

Ichthyopterygia : 1. Parietal and quadrate branches of squamo- 
sal ; 2. Sessile suspensorium of quadrate ; 3. Posterior flat opis- 
thotic. 

Dinosauria : 1. Elongate sacrum ; 2. Ribs continued to sacrum ; 
8. Capitular and tubercular attachment for ribs on neural arch and 
centrum, respectively. 

From the preceding evidence, it is clear that the Anomodontia 
constitute the most generalized order of Reptilia of which we have 
any knowledge ; and occupying, as it does, almost the first or oldest 
place in geologic time among the Reptilia, — t. e., in the Triassio 
period, — it justifies the statement that the peculiarly older 

* See Giinther, Trans. Boyal Society, 1867, Ft II., p. 1. 
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fonuB of life are the more generalized in Btrncture than the later, 
and that this generalization is increaangly evident the inrther 
hack we carry onr iDquirieB. 



4, On the Momoloffxea of the Opiathotic Bone. 

This element, distioguished by Huxley Irom those wMch compose 
with it the " temporal bone " of anthropotomiats, has been called 
" mastoid " by Owen, and " external occipital " and " mastoid " by 
Cnvier. 

Its position is exterior to the exoccipital, posterior to the prootic, 
and beneath and behind the squamosaL 



Fig. 9. — Chelf dra serpentina ; cranium, with aguamaial and poitorlutBl bonea 
removed. Epo, Epiotic i Fro, or Fo, Frootic. Ua, Meatiu Audiloriui. Ecp 
Ectopterygoid. V, Foramen ovale. 



Fig. 10.— Chelonemidujcruiianifroin behind. .(Lettaringu inflg. 2.) 
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Id Mammalia it is confluent with the elements mentioned, re- 
m^ing distinct irom tha exoccipital, and forming part of the 
" mastoid and petrous portions of the temporal." (Huxley.) 

In Aves it ib early conflnent with the ezoccipital. (Parker.) 

In Beptilia it is distinct in all the orders except the Crocodilia, 
where it is confluent with the exoccipital. (Fig. 11, Eio.) 

This group resembles the higher vertebrates in the close union 
of the quadratum with the prootic and other cranial banes ; and we 
pursue the line of extreme Reptilian divei^ence in following the 
gradual removal of the quadrate &om the cranial walls, on the 



Fig 11.— Alligator raiMUiipideiuui cnminm from behind. 

extremity of a suspending cylinder, which reaches its highest 
expression in the Ophidia. First in this succession comes the 
separation of the opisthotic. 

We have already seen its position in Ichthyoptery^ (fig. 1, 
Opo) where it is peculiar in separation from the supraoccipital 
and connection with the basioccipital. We have also seen an 
element in the Anomodontia identified with it (fig. 6, Opo) which 
differs in its connections, by being attached to the supraoccipital 
and exocdpital only. 

Passing to the Teetndinata, the element muntains the same con- 
Dectione, with the addition of that with (flg. 10, Opo) the prootic 
anteriorly, and is extended externally over the proximal extrem- 
ity of the quadratum, a connection not observed in the types 
just described. 
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If we now tnm to the Rhynchooepfaalia, as TepreaeDted by Sphe- 
Dodon,* we find the exocdpital greatly prolonged laterally, and 
carrying with it the opisthotic. It is carried apparently beyond 
any connection with the profitio (alisphenoid of Giinther), bat is 
less distant from the snpraociupital, or rather the epiotic (paiocci- 
pital, Griinther), which is here, according to GUinther, not entirely 
separated from the supraoccipital, as in the Teetndinata, thou^ 
more BO than in the latter. Its superior and anterior extent is 
' remarkable in this geuns, forming a connection with the postorbi- 
tal above and the malar below, peonliarities not noticed in any 
other reptile. Superioriy it rises into the parieto-qoadrate arch, 
which it forms with the sqaamosal, the parietal not entering it ; 
another pecoliarity, the only parallel to which is to be fomid in the 
Anomodontia, where this arch is however depressed into close con- 
tact with the occipital segment of the sknIL 

The type exhibited by the Lacertilia is intermediate between 
that of the last and that of the Tortoises, and serves to reconcile 
them. Here, also, the opisthotic 
is carried beyond connection with 
the other otic elements. In Igu- 
ana it contributes largely to the 
formation of the parieto-qnadrate 
arch, bat with the parietal instead 
of the sqaamosal, and on the under 
instead of the upper side, as in the 
Fig. 12.— IgnuiB tabercnlaU; poa- genus Sphenodon. (See figs. IS, 
tenor MchM removed. 14, OpO.) In Chamaleo it is a 

mere wedge articulating with the proximal end of the qoadra- 
tum, and not entering into the parieto-quadrate arch. 



Fig. 13. — Iguana tnberculata ; lateral view, with arcbet. 

* I iel7 on the flgnrea and deecriptioni of Oanthcr, In hi* paper on ' 
omr of Oitteria (Fhilot. Ttana., LoodoD, 1667). 



In the P3^IionomoTphB its character as "BUBpenBorinm" of 
the quadrate is still more pro- "^ 

nonnced ; yet, though it forms 
part of a cylindric bar extended 
transrersely from the brain-case, 
it maintains a sutural union with *'' 
the prootic (see fig, 15, OpO), 
and to a slight degree in Clidas- 
tcB, with the snpraoccipital, or 

Jepiotio portion of it. If there Fig. 11, — Ignana, from behind. 

be any parieto-qnadlrate arch (a doubtfiil point), it probably en- 
tere into it posteriorly. 

Id the Ophidia it exhibits an important range of variation. I 
have not been able to find it in Typhlops.* In Cylindrophia it is 



Fig. 16. — CUdaatet propytbon, Cope ; 



enclosed as usual between the 
rioriy and inferiorly, the pa- 
rietal above, and asmall area 
enclosed between the latter 
and the exoccipital, which is 
either the extremity of the 
supraoccipitol or a distinct 
element, perhaps epiotic. 
(See fig. 16 : BO, Baaioccipi- 



ipital behind, the prootic ante- 




Fig. 1^ — CyUndrophi* nift. 



• la an Mteological lyttem of the Boled Iteptilia 
of the Ac&demy of Natural Science," Fhila., 186i, 
A. A. A. a. VOL, XIX. 28 



published in "Proceedings 
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tal; ExO, Exoccipital ; SO, Supraoccipital ; OpO, Opisthotic ; PrO, 
Prootic ; EpO, Epiotic ; Fr, Frontal ; PoF, Postfrontal ; Pr^ Prefron- 

frontal ; N, Nasal ; Pmx, 
Premaxillary ; Mx, Max- 
illary; Ecp, Ectoptery- 
goid ; Q, Quadrate ; Art, 
Articular ; Cor, Coro- 
noid; D, Dentary; V, 
Foramen ovale.) The 
obtuse extremities of 
Fig. 17. — Xenopelti8iinicolop(Siam). the opisthotic and ex- 

occipital support together the os quadratum. 

In the rather more specialized Xenopeltis, the opisthotic is no 
longer intercalated between the prootic and exoccipital^ but lies 
over the common suture of the two, united by a squamosal suture. 
This important change transfers us from the Tortricina to the 
Asinea, as defined by Miiller. (See* fig. 17, OpO.) Throughout 
the latter suborder it only increases in length, which prolongation 
reaches its highest expression in the venomous serpents of the 
suborder Solenoglypha. It has been homologized with the squa- 
mosal in these groups by Huxley (Elements of Comparative Anat- 
omy), but incorrectly, as I believe, and attempt to show in 
considering that bone. 

Among the Batrachia this element is not distinct, except in 
Kecturus. (See fig. 22, posterior view of cranium of Rana mu- 
giens.) I have failed to find it entirely distinct in larvae of various 
ages of Amblystoma, Spelerpes, and Gyrinophilus ; for though a 
suture from the fenestra ovale to the foramen condyloideum sepa- 



which I say in the definition of the Scolecophidia, p. 230, "no prefrontal." 
This should have read " no opisthotic." The prefrontal is largely developed in 
Typhlops, while the maxillary is much reduced, and concealed on the inTerior 
face of the cranium alongside the vomers. In the portion devoted to the 
Lacertilia, p. 225, several expressions occur which need explanation, owing to 
the fact tliat the homologies of some of the elements were not at that time 
worked out. Thus the " temporal hone " is the prootic, and the " mastoid " ia 
the opisthotic. I must also correct the nomenclature of the elements of the 
mandible here, and in Clidastes, as published in Trans. Amer. Philos. Soc., 1870, 
pp. 214-16. Angular should read articular, articular should read suranffular, and 
subarticular should read angular. In cut 51, figs. 3 and 5 belong to one bone, which 
is the angular. 
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rates it inferiorly from the exoccipital in several Bpecies, the 
aaperior suture is wanting or invisible. 

The opisthotio is known to be diatiact in osseous Ganoids and 
Teleostei. 

5, On the Sbmoloffies of the Squamosal Bone. 

As this bone derives its name from its Mammalian representative, 
it will be well to trace it from that class. It may be defined as 
the bone which occupies the space 

between the prootic in front, the opis- J 

thotic behind, and the parietal above, | 

which subtends the auricular bones or | 

meatus superiorly, and forms the poste- ^ 

rior extremity of the zygomatic arch. I 

In the Birds the zygomatic arch does « 

not exist, and the malleus is produced |_ 

from beneath it, as the os quadratum, S 

for the support of the mandible (Par- 1. 

ker).* Here then it first assumes the i 

position of the external shield of the 5 

quadrate, which it continues to hold I 

throughout the series of Vertebrata 1 

below this point. | 

In tracing its homologies in the * 

Reptilia, we commence with those in ^ 
which the quadrate is most nearly ses- 
, Bile on the cranium, as in the Birds, 
and proceed towards those in which 
the latter is supported at the extremity 
of a prolongation of the posterior ele- 
ments of the cranium, or a " suspenso- 
rium." 

I may add here that the former re- 
lation of the quadrate, being most sim- *? 
ilar to that found in both the Birds and ^ 
the Stegocephalous, and other tailed ^ 
Batrachia, is the most generalized; 

• On the Development of the SkuU in the Oetricb Tribe (Fyi«. TraDB., 
London, 1866, p. 118). 
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vMIe the snspensorial type is the most divergent from other Verte- 
hrata, and moat specialized. Hence the 
sncoesBional relation of the orders of 
Keptilia is to be estimated by reference 
to their degree of approximation to 
either of these extremes, as will be con- 
S sidered further on. 

If we seek for that element, in the 

Crocodilia, which fulfils the requintes 

of the squamosal as above defined, we 

find it on the posterior superior lateral 

^ angle of the cranium. (See fig- 18, Sq.) 

M It sends forwards an anterior prooess, 

I which completes the zygomatic arch 

Q posteriorly, and with the postfrontal 

& (Pf) bone encloses the temporal fossa. 

\ As its union with the qnadratiun is on 

1 the under ude of the latter, it is con- 

^ cealed from view in fig. 18, chiefly by 

I" the superior prolongation of the qnad^ 

" ratojugal (QJ). 

1 In. the Testudinata, the quadrate bo- 

s' ing removed from the cranial walls, the 

^ position of the sqnamosal is more ex- 

I tenor. (Fig. 10, Sq.) In Chelone,it 

I sends an extension upwards to the pa- 

'^ rietal, forming the parieto-qnadrate 

^ arch, which is not observed in most 

S other Testudinata. The enclosed space 

n is much more expanded than in Croco- 

dilla (fig. 11), where it is in fact reduced 
to a foramen above each supraoodpi- 
tal. 

The position of the squamosal in the 
Pythonomorpha is very similar to that 
seen in the last order, but it is furtlier 
removed from the cranial walls (fig. 19, 
Sq), in consequence of the greater 
length of the suspensorium. 
In the Lacertilia it is carried far from 
the cranial walls by the increased length of the exocctpital, frtna 
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which, as in the Testudinata, the opisthotic separates it. (See figs. 
13, 14, Sq.) In most of the order it has no contact with the parie- 
tal, the parieto-quadrate arch being supported below by the opis- 
thotic, as above pointed out. But in the Khiptoglossa (Cha- 
masleo) the squamosal sends a long process upwards, which meets 
a prolongation of the parietal, which is however single and median, 
and not bifurcate as is usual. The opisthotic does not rise with it. 
In the Ophiosauri (Amphisbadnia), it appears to be wanting, as Mtil- 
ler has already indicated ; and there are various stages of reduction 
to be observed among the Typhlophthalm lizards which approach 
them.* In the AniellidsB it is wanting, ^ 

while it exists in a rudimental state in ^^\Iq 
the AcontiadidsB. (Fig. 20, Ramus 
mandibuli, quadrate, and suspensorium 

-, . . - • o \ Fig. 20. — A«5ontiM melengris, 8. 

Ox ACOntiaS meleagnS, SSq.) AfHc* ; mandible and CYupensorium. 

In the Ophidia the squamosal is obviously wanting. This is 
proven in two ways : first, by the serial homology of the opisthotic, 
from Lacertilia through Pythonomorpha (fig. 15), or Tortricina (fig. 
16), with the single suspensorium of the quadrate in typical snakes ; 
and, second, by the successive diminution of the squamosal in the 
Lacertilia from the Leptoglossa through the Typhlophthalmi, where 
it is rudimental in Acontias {^g, 19), and wanting in Amelia, and 
in the succeeding group of AmphisbsBnia. Therefore its identifi- 
cation with the suspensorium in Ophidia, proposed by Huxley, 
must be abandoned.f 

Returning to the earlier types of Reptilia, we may recall the 
features of the squamosal already ascribed to the Ichthyopterygia 
and Anomodontia. The first peculiar feature, the anterior prolon- 
gation on each side of the cranium, on the inside of the temporal 
fossa, separating widely the supraoccipital and parietal, was shown 
to exist also in the Rhynchocephalia. The question of the real 
pertinence of this prolongation to the squamosal may be raised, as 
it is remote from the position of that bone in most of the Lacer- 
tilia, and in some specimens of Ichthyosaurus is separated by suture 
from it. Its relations in Chamseleo throw much light on the point, 
and render it highly probable that the cranial prolongation in the 
three groups just mentioned is really continuous with it. As 
pointed out above, the squamosal in Chamseleo extends inwards 
to the parietal, forming the greater part of the parieto-quadrate 

* See Essay on Frimaiy Groups of Reptilia Squamata (Proceedings Academy 
of Natl'- • '^ • Phila., 1864, p. 230). 

t ')ipha, Trans. Am. Philos. Soc., 1869, p. 178. 
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Trhile the BiiBpensorial type ie the most divergent from other Verte- 
brata, and most specialized. Hence the 
SQCcessional relation of the orders of 
ReptiUa is to be estimated by reference 
to their degree of approximation to 
either of these eztremes, as will be con- 
^ udered further on. 

If wa seek for that element, in the 

Oocodilia, vhich fulfils the requisites 

of the squamosal as above defined, we 

find it on the posterior superior lateral 

^ angle of the craninm. (See fig. 18, Sq.) 

U It sends forwards an anterior process, 

I which completes the zygomatic srch 

Q posteriorly, and with the poBt&ontal 

ff (Pf ) bone encloses the temporal fossa. 

g As its nnioD with the qoadratnin is on 

1 the under side of the latter, it is oon- 

^ cealed from view in fig. 18, chiefly by 

? the superior prolongation of the qaad- 

^ ratojugal (QJ). 

3 In . the Testadinata, the qnadrate b^ 

S' ing removed from the cranial walls, the 

^ position of the squamosal is more ex- 

I terior. (Fig. 10, Sq.) In Chelone, it 

g sends an extension upwards to the pa- 

rietal, forming the parieto-qnadrate 
^ arch, which is not observed in most 

e other Testudinata. The enclosed space 

n is much more expanded than in Croco- 

dilia (fig. 11), where it is in fact reduced 
to a foramen above each supraoccipi- 
tal. 

The position of the squamosal in the 
Pythonomorpha is very similar to that 
seen in the last order, but it is furtlier 
removed from the cranial walls (fig, 19, 
Sq), in consequence of the greater 
length of the sospcnBonum. 

In the Lacertilia it is carried far from 
the cranial walls by the increased length of the exoccipital, from 
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which, as in the Testndinata, the opisthotic separates it. (See figs. 
13, 14, Sq.) In most of the order it has no contact with the parie- 
tal, the parieto-quadrate arch being supported below by the opis- 
thotic, as above pointed out. But in the Rhiptoglossa (Gha^ 
maeleo) the squamosal sends a long process upwards, which meets 
a prolongation of the parietal, which is however single and median, 
and not bifurcate as is usuaL The opisthotic does not rise with it. 
In the Ophiosauri (Amphisbadnia), it appears to be wanting, as Miil- 
ler has already indicated ; and there are various stages of reduction 
to be observed among the Typhlophthalm lizards which approach 
them.* In the Aniellidse it is wanting, ^^Sa 

while it exists in a rudimental state in ^^\Iq 
the AcontiadidsB. (Fig* 20, Ramus 
mandibuli, quadrate, and suspensorium 

^ . . . • o \ ^^' ^* — AeoDtUs meleagrifl, S. 

OI ACOntiaS meleagriS, bq.) AMcs ; nuuulible and siupeiiaoriiiin. 

In the Ophidia the squamosal is obviously wanting. This is 
proven in two ways : first, by the serial homology of the opisthotic, 
from Lacertilia through Pjrthonomorpha {^^, 15), or Tortricina {^^. 
16), with the single suspensorium of the quadrate in typical snakes ; 
and, second, by the successive diminution of the squamosal in the 
Lacertilia from the Leptoglossa through the Typhlophthalmi, where 
it is rudimental in Acontias (fig. 19), and wanting in Aniella, and 
in the succeeding group of Amphisbaenia. Therefore its identifi- 
cation with the suspensorium in Ophidia, proposed by Huxley, 
must be abandoned.f 

Returning to the earlier types of Reptilia, we may recall the 
features of the squamosal already ascribed to the Ichthyopterygia 
and Anomodontia. The first peculiar feature, the anterior prolon- 
gation on each side of the cranium, on the inside of the temporal 
fossa, separating widely the supraoccipital and parietal, was shown 
to exist also in the Rhynchocephalia. The question of the real 
pertinence of this prolongation to the squamosal may be raised, as 
it is remote from the position of that bone in most of the Lacer- 
tilia, and in some specimens of Ichthyosaurus is separated by suture 
from it. Its relations in Chamseleo throw much light on the point, 
and render it highly probable that the cranial prolongation in the 
three groups just mentioned is really continuous with it. As 
pointed out above, the squamosal in Chamroleo extends inwards 
to the parietal, forming the greater part of the parieto-quadrate 

* See Essay on Primary Groups of Eeptilia Squamata (Proceedings Academy 
of Natural Sdenoe, Phila., 1864, p. 280). 

t See, on Pythonomorpha, Trans. Am. Philos. Soc., 1869, p. 178. 
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"while the saspensorial type is the most divergent irom other Verte- 
brata, and most specialized. Hence the 
succeistODsl relation of the orders of 
Reptilia is to be estimated hy reference 
to their degree of approximation to 
either of these extremes, as will be con- 
S sidered further on. 

If we seek for that element, in the 

Oocodilla, which Mfils the reqaiaites 

of the Bqnamoaal as above defined, ve 

find it on the posterior saperior lateral 

9 angle of the cranium. (See fig. 18, Sq.) 

^ It sends forwards an anterior process, 

*. which completes the zygomatic arch 

p posteriorly, and with the postfrontal 

I' (Pf ) bone encloses the temporal fossa. 

f As iu nnion with the qnadratnm is on 

*! the under dde of the latter, it is <»d- 

5 cealed from view in fig. 18, chiefly by 

f the superior prolongation of the qnad- 

ratojugal (QJ). 

fin. the Testudinata, the quadrate be- 
ing removed firom the cranial walls, the ' 
^ position of the squamosal is more cx- 

I tenor. {Fig. 10, Sq.) In Chelone, it 

g* sends an extension upwards to the pa- 

rietal, forming the parieto-quadrate 
§ arch, which is not obserred in most 

e other Testudinata. The enclosed space 

I" is mach more expanded than in Croco- 

dilia (fig. 11), where it is in fact reduced 
to a foramen above each BUpraoc<3pi- 
tal. 

The position of the squamosal in the 
Pythonomorpha is very similar to that 
seen in the last order, but it is furtlier 
removed fi^m the cranial walls (fig. 19, 
Sq), in consequence of the greater 
length of the suspensorium. 
In the Lacertilia it is carried far from 
the cranial walls by the increased length of the exoccipital, from 
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which, as in the Testndinata, the opisthotic separates it. (See figs. 
13, 14, Sq.) In most of the order it has no contact with the parie- 
tal, the parieto-quadrate arch being supported below by the opis- 
thotic, as above pointed out. But in the Rhiptoglossa (Chor 
maeleo) the squamosal sends a long process upwards, which meets 
a prolongation of the parietal, which is however single and median, 
and not bifurcate as is usual. The opisthotic does not rise with it. 
In the Ophiosauri (Amphisbaenia), it appears to be wanting, as Miil- 
ler has already indicated ; and. there are various stages of reduction 
to be observed among the Typhlophthalm lizards which approach 
them.* In the AniellidaB it is wanting, ^ 

while it exists in a rudimental state in ^<!p//% 
the AcontiadidsB. (Fig. 20, Ramus 
mandibuli, quadrate, and suspensorium 

« . .. , • ct \ Kg. 20. — AcontiM meleagris, 8. 

OI ACOntiaS meieagnS, oq.) AMcs ; mandlble and fUBpeosorium. 

In the Ophidia the squamosal is obviously wanting. This is 
proven in two ways : first, by the serial homology of the opisthotic, 
from Lacertilia through Pythonomorpha (^g. 15), or Tortricina (fig. 
16), with the single suspensorium of the quadrate in typical snakes ; 
and, second, by the successive diminution of the squamosal in the 
Lacertilia from the Leptoglossa through the Typhlophthalmi, where 
it is rudimental in Acontias (fig. 19), and wanting in Amelia, and 
in the succeeding group of Amphisbaenia. Therefore its identifi- 
cation with the suspensorium in Ophidia, proposed by Huxley, 
must be abandoned.! 

Returning to the earlier types of Reptilia, we may recall the 
features of the squamosal already ascribed to the Ichthyopterygia 
and Anomodontia. The first peculiar feature, the anterior prolon- 
gation on each side of the cranium, on the inside of the temporal 
fossa, separating widely the supraoccipital and parietal, was shown 
to exist also in the Rhynchocephalia. The question of the real 
pertinence of this prolongation to the squamosal may be raised, as 
it is remote from the position of that bone in most of the Lacer- 
tilia, and in some specimens of Ichthyosaurus is separated by suture 
from it. Its relations in Chamaeleo throw much light on the point, 
and render it highly probable that the cranial prolongation in the 
three groups just mentioned is really continuous vrith it. As 
pointed out above, the squamosal in ChamsBleo extends inwards 
to the parietal, forming the greater part of the parieto-quadrate 

* See Essay on Primary Groups of Reptilia Squamata (Proceedings Academy 
of Natural Science, Fhila., 1864, p. 280). 

t See, on Pythonomorpha, Trans. Am. Philos. Soc., 1869, p. 178. 
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irhile the snspensorial type is the most divergent from other Verte- 

brata,aDd most specialized. Hence the 

successioDsl relation of the orders of 

Reptilia is to be estimated by reference 

to their degree of approximation to 

either of these extremes, as will be con- 

S sidered further on. 

■ If we seek for that element, in the 

Oocodilia, which iulfils the reqnisit^a 

of the squamosal as above defined, we 

find it on the posterior superior lateral 

^ angle of the cranium. (See fig. 18, Sq.) 

^ It sends forwards an anterior process, 

I which completes the zygomatic arch 

n posterioriy, and with the postfrontal 

& (Pf ) bone encloses the temporal fossa. 

I' As its union with the qoadratum is on 

"S the under dde of the latter, it is cod- 

3 cealed from view in fig. 18, chiefly by 

a the superior prolongation of the qoad- 

ratojugal (QJ)- 
3 In . the Testudinata, the quadrate bo- 

s' ing removed from the cranial walls, the 

^ position of the squamosal is more ex- 

1 tenor. (Fig. 10, Sq.) In Chelone, it 
I* sends an extension upwards to the pa- 
rietal, forming the parieto-qnadrate 

^ arcb, which is not observed in most 

e other Testudinata. The enclosed space 

2 is much more expanded than in Crooo- 
dilia (fig. 11), where it is in &ct reduced 
to a foramen above each supraoccipi- 
tal. 

The position of the squamosal in the 
Fythonomorpha is very similar to that 
seen in the last order, but it is furtlier 
removed from the cranial walls (fig. 19, 
Sq), in consequence of the greater 
length of the suspensorium. 

In the Lacertilia it is carried far fi<om 
the cranial walls by the increased length of the exoocipital, frcnn 
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which, as in the Testndinata, the opisthotic separates it. (See figs. 
13, 14, Sq.) In most of the order it has no contact with the parie- 
tal, the parieto-qaadrate arch being supported below by the opis- 
thotic, as above pointed out. But in the Khiptoglossa (Cha- 
maeleo) the squamosal sends a long process upwards, which meets 
a prolongation of the parietal, which is however single and median, 
and not bifurcate as is usual. The opisthotic does not rise with it. 
In the Ophiosauri (Amphisbaenia), it appears to be wanting, as Miil- 
ler has already indicated ; and there are various stages of reduction 
to be observed among the Typhlophthalm lizards which approach 
them.* In the Aniellidad it is wanting, ^ 

while it exists in a rudimental state in ^^\?q 
the AcontiadidsB. (Fig* 20, Ramus 
mandibuli, quadrate, and suspensorium 

« . . , • a \ Fig. 20. — AcontiM meleagriflf S. 

OI ACOntiaS meieagnS, oq.) AMca ; mandlble and aaspenflorium. 

In the Ophidia the squamosal is obviously wanting. This is 
proven in two ways: first, by the serial homology of the opisthotic, 
from Lacertilia through Pythonomorpha (fig. 15), or Tortricina (fig. 
16), with the single suspensorium of the quadrate in typical snakes ; 
and, second, by the successive diminution of the squamosal in the 
Lacertilia from the Leptoglossa through the Typhlophthalmi, where 
it is rudimental in Acontias (fig. 19), and wanting in Aniella, and 
in the succeeding group of AmphisbaBnia. Therefore its identifi- 
cation with the suspensorium in Ophidia, proposed by Huxley, 
must be abandoned.t 

Returning to the earlier types of Reptilia, we may recall the 
features of the squamosal already ascribed to the Ichthyopterygia 
and Anomodontia. The first peculiar feature, the anterior prolon- 
gation on each side of the cranium, on the inside of the temporal 
fossa, separating widely the supraoccipital and parietal, was shown 
to exist also in the Rhynchocephalia. The question of the real 
pertinence of this prolongation to the squamosal may be raised, as 
it is remote from the position of that bone in most of the Lacer- 
tilia, and in some specimens of Ichthyosaurus is separated by suture 
from it. Its relations in Chamaeleo throw much light on the point, 
and render it highly probable that the cranial prolongation in the 
three groups just mentioned is really continuous with it. As 
pointed out above, the squamosal in ChamsBleo extends inwards 
to the parietal, forming the greater part of the parieto-quadrate 

* See Essay on Primary Groups of Reptilia Squamata (Proceedings Academy 
of Natural Science, Phila., 1864, p. 280). 

t See, on Pythonomorpha, Trans. Am. Philos. Soc., 1869, p. 178. 
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• 

system at present includes, the definitions of our groups will rest 
upon single characten? only, and the history of the origin of those 
characters will be the history of the origin of the groups. 

It is the proper discrimination of the relative values of these 
single characters which in our estimation determines the ^^ natu- 
ralness " of a system; and the principle on which such discrimina- 
tion reposes is the key to that perplexing question which often 
renders the conclusions of naturalists so different in appearance, 
while the objects of their investigations are the same. But by mis- 
using '' technical " or single characters — that is, by misinterpreting 
their values — the most erroneous approximations may be made, 
and systems constructed which well deserve the term "artificial" 
applied to them by those who, in their search fbr the "natural" 
system, are opposed to the use of "technical" characters. Per- 
haps the best known example of this misuse is to be found in the 
Linnaean system of botany, where the value of the numbers of 
stamens and pistils in determining affinity was placed much too 
high. Though this system has been utterly abandoned, yet Lin- 
nsBus's characters are still of great importance in a lower grade 
of relations. 

As the number of primary groups of the animal kingdom is but 
small, I will commence with the principle on which all subordinate 
divisions may be distinguished, and their value ascertained. 

I. Given primary divisions, and given that such divisions pre- 
sent in some members greater resemblance (or unity of minor 
characters) to members of other primary divisions, and in other 
members especial diversity from the same, — the primary subdivi- 
sions of said first divisions are those which express the successional 
degrees of resemblance to or difference fi*om the other divisions of 
first rank. 

II. Given primary subdivisions, their subdivisions of first rank 
are estimated, as in Prop. I., by reference to the characters pre- 
sented by their extremes of likeness to or diversity from fhe mem- 
bers of the other primary subdivisions. The value of characters 
of the groups contained in each of last grades mentioned to be 
determined by the same test. 

For primary divisions, in Prop. I., might be read ckiss ; for pri- 
mary subdivision, order ; and for subgroup of the latter, famUy. 
The same principle applies to genera, which is expressed in Prop. 
VI. of a series designed to render clear the basis of the theory of 
evolution, {published in a "Monograph of the Cyprinid» of Pemi- 
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sylvania." ♦ The I., 11^ and III. propositions are prefixed as pre- 
liminary : — 

I. That genera form series indicated by successionai differences 
of stmctural character, so that one extreme of such series is very 
different from the other, by the regular addition or subtraction of 
characters, step by step. 

n. That one extreme of such series is a more generalized 
type, nearly approaching in characters the corresponding extreme 
of other series. 

III. That the other extreme of such series is excessively modi- 
fied and specialized, and so diverging from all other forms as to 
admit of no type of form beyond it. 

VI. That therefore the differences between genera of the same 
natural series are only in those characters which characterize the 
extreme of that series. 

For the highest groups in the animal kingdom we must accept 
the definition of Cuvier, Yon Baer, and Agassiz, for the present, 
that they are primary, because they represent different primary 
plans of structure. For the lowest grade of groups (genera) 
the definition above given (Prop. VI.) will be found to represent 
groups to which the definition given by Agassiz f will also apply ; 
viz., that ^ their special distinction (». e^ of genera) rests upon the 
ultimate details of their structure." I believe that the definitions 
given by Agassiz to the three intervening grades of divisions — 
viz., of families, orders, and classes — are far nearer a representa- 
tion of nature than any other ever given. They are as follows : — 

Classes are defined ^ by the manner in which the plan of the 
branch is executed; Orders, by the degrees of complication of 
that class-structure; FamUieSy by their form as detennined by 
structure." Natural science^ is under great obligations to Pro- 
fessor Agassiz in this, as in other points. 

These definitions are, however, better perceived after the groups 
are constituted, but in practice are not sufficiently exact to serve 
as the crucial test in the cases which may arise. The simple 
method indicated in our propositions above will, it appears to us, 
serve to solve many of the more difficult questions which arise 
during the attempt to s^te the true relations of organic beings. 

We may now apply these principles to the groups of the class 

* Tnns. Am. FhUos. Soc., 1866, p. 897. 
t Contxib. Nat Hist U. S., i. pp. 168, 170. 
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Reptilia, not only as an illustration of their meaning, but of thdr 
use. 

/9. On the System of ReptiUa, * 

The points of resemblance to the other classes of Vertebrata 
presented by the Reptilia are, of coiirse, to those below them and 
those above them. Relationships to the class Batrachia are as yet 
doubtful, unless indeed the remarkable relations of the squamosal 
and quadrate in Anomodontia have such a significance. The ex- 
tremities of the genus Ichthyosaurus present a remarkable struct- 
ure not seen elsewhere in the class, nor in the classes above Jt; 
viz., in lacking all diflTerentiation between the elements external to 
the proximal element, — the humerus and femur. So far as form 
is concerned, the ulna and radius, tibia and fibula, tarsus carpus, 
metacarpus, metatarsus, and phalanges, are identical. This type is 
only found below the Reptilia, approximately among Crossoptery- 
gian fishes and Elasmobranchi ; and it is to the latter class that we 
must appeal, says Gegenbaur, for an explanation of their structure. 
No other resemblance of real importance has been observed to 
exist between the two groups. 

The extension downwards of the squamosal over the quadrate 
region constitutes a point of remote resemblance to the Fishes. 
The ? continuation of the ? frontals to the premaxillaries in Ich- 
thyosaurus is seen in the lower tailed Batrachia. 

Resemblances to the classes above the Reptilia are seen in the 
groups Crocodilia, Dicynodontia, Omithosauria, and Dinosauria. 
In the first, the presence of a vermis in the cerebellum, and quad- 
ripartite heart are points of equal afiSnity to the Mammalia and 
Aves. In the three others, the double-headed ribs, with capitular 
articulation on the centra of the vertebrae, and generally elongate 
or complex sacrum, are points of resemblance both to Mammalia 
and Birds. In the Dicynodontia, other resemblances to either 
class are wanting, but the case is difierent in the other orders. The 
pelvis and hind limbs of the Dinosauria are especially bird-like ; 
while, according to Seeley, the OmithochiraB had epipubic or 
marsupial bones as in Mammalia, a brain with infero-lateral opti6 
lobes as in Aves, and even confluent metatarsi as in the same class. 
.In fact, it seems quite evident that Seeleyis right in referring that 
group to the Birds ; but this does not necessarily remove the true 
Pterodactyles firom the Reptilia. These have distinct tarsals and 
metatarsals, though their epipubic (marsupial) bones and other 
characters ally them most closely to the OmithochirsB. 
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Serial divergence from these lower and higher orders to an 
extreme of special peculiarity, such as is mentioned in Prop. III. 
above, has been alluded to in the discussion of the homologies of 
the opisthotic and squamosal bones. This is seen in the successive 
prolongation of the elements on the sides of the posterior region 
of the cranium into a " suspensorium," and the successive libera^ 
tion of the quadrate bone from several sutural articulations, to a 
condition as a mobile fulcrum for the mandible. This succession is 
seen first in the Rhynchocephalia, where the suspensorium is pro- 
duced, but the quadrate fixed ; the Testudinata, where the quad- 
rate is freed from a quadratojugal bone ; in the Lacertilia, where 
the quadrate is movable, but the opisthotic not produced ; in the 
Pythonomorpha, where the opisthotic is produced as suspensorium ; 
the extreme being reached in the Ophidia, where the suspensorium 
itself becomes movable, and with it the elements which usually 
form the solid surface of the palate. 

This series then, it is evident, is like that of the Teleostei, among 
the lower Yertebrata, a special divergence from the main line of 
succession to the higher classes. The reptiles which retain and 
increase the close contact of the quadrate bone with the periotic 
elements are evidently those which conduct us to the Mammalia. 
The higher group in this succession is the Crocodilia. Those 
which consolidate the periotic elements, but retain the partial free- 
dom of the quadrate, on the other hand, lead to the Avine class. 
TJiese are the Omithosauria, and perhaps, when we come to know 
the cranium, the Dinosauria. At least this may be predicated, if 
the structure of the foot and ear bones are correlated in this group 
as they are elsewhere. ^ 

The primary importance of this series is confirmed by the corre- 
lation with it of the serial modification of the modes of attachment 
of the ribs. These differences were first used in systematic work 
by Owen,* and later more fully by Huxley .f The latter sub- 
divides the Reptilia in accordance with it alone, and, while pointing 
out important affinities thereby, fails to recognize others from his 
neglect of the modifications of the quadrate and supporting 
bones. 

In the most generalized form (represented by Ichthyosaurus), 
the capitular and tubercular articular siufaces are near together, 
but distinct, and situate on the sides of th^ vertebral centra. 

* FaUeontology. t Jour. Geol. Society, London, 1870. 
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From this point two lines of modification can be traced. The one, 
coinciding with that in which the quadrate and suspensorial bones 
are received into closer cranial articulation, is characterized by the 
wider separation of the two sur&ces. The inferior becomes mar- 
ginal and sessile, remaining on the centrum; the superior rises, and 
on the dorsal region is supported on an elongate basis from the 
sides of the neural arch. Thus, in this point also, this series tends 
towards tha Aves and Mammalia. The second, or special series, 
in correspondence with the liberation of the quadrate, etc., sees a 
fusion of the two articular surfaces, and their usual retention on* 
the centrum. In one group (Sauropterygia) this fused basis rises 
to the top of the neural arch in the dorsal region : on the cervical 
region they are distinct. 

In the Crocodilia, the capitular articulation does not rise to meet 
the tubercular in front of the posterior dorsal region ; and they are 
united and rise from the neural arch on the lumbar region. These 
two orders are otherwise allied, and form a point of connection 
between the groups defined by the characters of the rib articula- 
tions. 

In the Testudinata, the ribs are single headed as in this series, 
but the convexity is sometimes in contact With the transverse ex- 
pansion of the neural spine. There appears, however^ to be no 
true articulation here, nor any diapophysis.* The space between 
the vertebral expansion and the tubercular region of the rib is 
filled by a later and distinct ossification. The capitular articular 
facets are sessile, and at the point of contact of two centra. The 
majority of this order present a special peculiarity in the expan- 
sion of the ribs into an osseous upper shield : a similar e2q>ansion 
of abdominal elements (perhaps abdominal ribs), with the claviclesf 
and mesostemum (interclavicle, Parker), forms an inferior shield. 
As these characters are not developed in Sphargididse, they need 
not be necessarily regarded as ordinal. • 

A similar character is to be found in the Pythonomorpha and 
Sauropterygia, whose fore limbs are specialized into swimming 
organs or paddles. Since we see this last modification of the 
truly difierentiated limb to be subordinated to the characters of 
the order in the Testudinata (e. ^., in CheloniidaB and Sphar- 

I 

* In a young Testudo mauritanica the proximal extremities of the ribs are de- 
cmred to their capitular articular facets, without touching the expansion of the 
neural spine (vertebral bones of carapace), and without sending tubercle or pro- 
cess to meet them. 

t See Parker on the shoulder girdle. 
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gididae), I do not regard it as necessarily of ordinal value, but sub- 
ordinate to characters already mentioned, of the posterior regions 
of the cranium, the tarsus, pelvis, etc. The forms of the articular 
extremities of the vertebras have also a subordinate value. 

The affinities of the Orders are most easily expressed in the fol- 
lowing outline scheme : — 



Series I., With two-rib ar- 
ticulations and fixed 
quadrate. 
Omithosauria 

"7 
Dinosauria 



Intermediate. 



Series 11., With one-rib ar- 
ticulation and free 
quadrate. 

Ophidia 

Pythonomorpha 



Crocodilia 

\ 

Sauropterygia 



Testudinata 



Anomodontia 



\ 



Lacertilia 



/ 

Rhynchocephalia 



Ichthyopterygia 



A tabular arrangement destroys expression of more than one 
line of affinities, but is most convenient for presentation of diag- 
noses. The above-named groups possess different degrees of rela- 
tionship to each other, and have been combined into groups by 
authors, which are supposed to represent natural divisions. This 
presents some difficulties as yet, on account of our ignorance of 
the structure in certain orders. They may, however, be provision- 
ally placed as follows : — 

A. Extremities beyond jiroximal segment not differentiated as to form. 
I. Tubercular and capitular articulations for ribs distinct, on -centra. 

Os quadratum inmiovably articulated to squamosal, etc. No sacrum. Ich- 
THTOPTKRYGiA. Including one order, Ichthyopterygia. 

B. Extremities differentiated. 

n. Tubercular and capitular surfaces united. Os quadratum articulated 
with squamosal and opisthotic by ginglymus. Sacrum very small. Strep- 
TOSTYUCA, with the orders Lacertilia, Py(honomorpha, and Ophidia, 

UI. Tubercular and capitular surfaces •united. Os quadratum articulated 
with squamosal, opisthotic, etc., by suture. Sacrum small. Synaptosau- 
UA, with the orders Bhynchocqphalia, Testudinata, and Sauropterygia, 

IV . Tubercular and capitular surfaces separated ; former on diapophysis, 
latter on centrum. Os quadratum articulated by suture with its suspenso- 
rium. Sacrum generally of several vertebrsB. Arghosausia ; orders, — 
Anomodontia^ Dinosauria, Crocodilia, and Omithosawia, 

A. ▲. ▲. s. VOL. XIX. 30 
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CATALOGUE OF THE FAMILIES OF THE REPTILLA.* 

I. ORNITHOSAURIA. 

Bonaparte, Fitzinger, Seeley ; Pterosauria, Owen. 
BimorphodontidcB ; DimorphodontaB, Seeley, L c. 
PterodactylidcR ; Rhamphorhynchse et Pterodactyle, Seelej, 1. c. 

n. DINOSAUKIA. 
Owen, Cope, Seeley; Fachypodes, Meyer. Omithoscdida ; Huxley. 

1. Symphypoda. 

Cope; Compaognatha, Huxley. 
Compsognathidce ; Compsognathus, Wagner. 
OmithotarsidcB ; Ornithotarsus, Cope. 

2. GONIOPODA. 

Cope ; Sarpagmosauria, Haeckel. 

MegaloaauridcB ; Huxley (part). Cope, Trans. Am. Philos. Soc, 1869, 
p. 99. 

TercUoaauridm ; Teratosaurus, Plateosaurus, Meyer, etc. Cope, Tnuis. 
Am. Pbilos. Soc., 1869, p. 90. 

3. Orthopoba. 

Cope; TherosauriOj Haeckel. 

ScdidosauridcB ; Cope, Trans. Am. Philos. Soc, 1869, p. 91 ; Huxley, 
Jour. Geol. Soc, London, 1870, p. 
IguafiodontidcB ; Cope, 1. c ; Do. (in part), Huxley, 1. c. 
JScuirosauridcB ; Cope, 1. c ; IguanodontidsB, Huxley (part). 

m. CROCODILIA. 
CrocodUia et ThecodorUia (part), Ow^en, 1841. 

1. Amphic(elia. 

BelodontidcB ; Thecodontia, Owen (part). Cope, Trans. Am. Philos. 
Soc, 1869, p. 82. 
Teleosauridce, 

* The extinct groups and synonymes are indicated by italics. 
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2. Froc<£lia. 

ThoraeosataidcB ; Thoracosaarus, Leidj, Cope. 

GaTialidiB ; Gayialidse, Gray ; 4~ Holops Thecachampsa, Cope, etc. 

CrocodilidiB ; Crocodilide + AlligatoridiB, Gray. 



IV. SAUROPTERYGIA. 
Owen. 

? PlaeodontidcB ; Placodus, etc. 

PlesioMcmridas ; Nothosaurus, Pistosaums, Plesiosaurus, Pliosauros, etc. 
EUumosauridcB; filaamosauros, Cimoliasaoros, etc. 

V. ANOMODONTIA. 
Owen. 

Dicynodantidas ; Owen, Paleontology. 
OudmodorUicUjB ; CryptodonUa, Owen, Palieontology. 

VI. ICHTHYOPTERYGIA. 
lehihyoioundcB. 

Vn. RHYNCHOCEPHALIA. 

ProtorosauridcB ; Protorosaums, Meyer (elongate 8acram). 
SphenodontidiB ; Hatteriidfl9, Cope (Proceed. Acad, of Nat. Sci., Phila., 
1864). 
Bhf/TuihosawicUs ; Rhynchosanrus, Owen. 

Vni. TESTUDINATA. 

1. Athscje. 

Sphargidide; Gray, Annals of Philosophy, 1825; Bell, Fitzinger, 
Agassiz. 

2. Crtftodiba. 

CheloniidiB ; Gray, Annals of Philosophy, 1825 ; Agassiz. 

Fropleuridcc ; Cope, Sillim. Am. Jour. Sci., 1870, p. 187. 

Trionychidie ; Gray, Bell, Dam., Bibr., Agassiz. 

Emydidse ; Emydidss and Chelydridse, Agassiz. 

Adocida; Cope, Proceed. Am. Philos. Soc, 1870, November. 

Cinostemidn ; Agassiz, Contrib. Nat. EQst. U. S. ; Cope, Lfcconte (part). 
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Testudinidse ; Gray, Agasdiz, Cope emend. 

FleurastemidcB ; Cope, Proceed. Acad. Nat. Sci., Fhila., 1868, October. 

ft 

• 8. Pleurodira. 

Dum^ril, Bibron ; CJielyoidce, Agassiz. 

Podocneinidida; ; Cope, Proceed. Acad. Nat. Sci., Phila., 1868, October; 
Peltocephalide, Gray. 
Chelydidas ; Gray, Proceed. Zool. Soc, London, 1869 ; Cope, 1. c, 1868. 
Hydraspididse ; Cope, 1. c. ; Gray, 1. c. 
Pelomedusidffi ; Cope, 1. c, 1865, p. 185, 1868, p. 119. 
Stemothflsridse ; Cope, 1. c, 1868, p. 119. 



IX. LACERTILIA. 
Owen, Cope. 

1. Rhiftoolossa. 

Acrodonta Rhiptoglossa ; Wiegmann, Fitzinger, Cope. Chamcdeonida ; 
Miiller. 
ChamsBleontidfld ; Wiegmann, Gray, et auctorum. 

2. Pachtglossa. 

Cope; Acrodonta Pachyglossa, Wagler, Fitzinger. Cope, Proceed. 
Acad. Nat. Sci., Phila., 1864, p. 226. 
AgamidsB. 

3. Ntctisaxtra. 

Gray ; Catal. Sanria Brit. Mus. ; Cope, 1. c. 
GecconidflB ; Gray, et auctorum. 

« 4. Pleitbodokta. 

Cope, Proceed. Acad. Nat Sci., Phila., 1864, p. 226. 

a. Iguania. 

Anolid»; Cope, 1. c, pp. 227, 228. 

Iguanidffi; Cope, 1. c, pp. 227, 228; Iguanidse (pars), auctorom. 

b, Diploglossa. 
AngaidflB ; Cope, L c. 

Gerrhonotidffi ; Cope, I. c. ; Zonuridas (part). Gray. 
Xenosauridfe ; Cope, 1. c, 1866, p. 322. 

Helodermidse, Gray; Catal. Sauna Brit. Mus. ; Cope, 1. c, 1864, p. 228, 
1866, p. 322. 



ZOOLOGY. 237 

e. Thecaglossa. 
Wagler, Fitzinger, Cope. 

YaranidsB. 

d. Leptoglossa. 

Wiegmann, Fitzinger, Cope. 

Teids; Teidce and Ecpleopodidce, Peters, Cope, Proceed. Acad. Nat. 
Sci., Phila., 1866, p. 228 ; Teidce Anadiidce CercosauridcB RiamidcB, Gray. 

Lacertidae ; Gray ; Catal. Saarla ; Cope, 1. c. ; Lacertidse et CrieosauridaSj 
Peters ; Xantusiidce^ Baird. 

Zonuridse; Zonuridce (part). Gray; Lacertida (part), Cope. 

Chalcididae ; Gray, 1. c. ; Cope, 1. c. 

Scincidffi ; Gray, 1. c. ; Cope, 1. c. 

Sepsidie ; Gray, 1. c. ; Cope, 1. c. 

e. Typhlophthalmi. 

Cope, Proceed. Acad. Nat. Sci., Phila., 1864, p. 228 ; Do. (pars), Dum^- 
ril et Bibron. Erpet. Gen. 
Anelytropidse ; Cope, 1. c. name ; Tt/phlinidcR, Gray. 
AcontiidsB; Gray; Catal. Brit. Mus. ; Cope, 1. c, 1864, p. 230. 
AniellidsB ; Cope, 1. c, 230. 

5. Ofhiosauri. • 

Cope, 1. c., Merrem; Annulati, Wiegmann; FtychopUures Olyptoder- 
mes. Dam., Bibr. ; AmphUhasnoidea, Muller. 
Ampbisbsnidae ; — ae, Wiegmann, Fitzinger. 
Trogonophidao ; Trogonophea, Wiegmann, Fitzinger. 

X. PYTHONOMORPHA. 

Cope, Trans. Am. Philos. Soc, 1870, p. 175 ; Proceed. Boston Nat. Hist. 
Soc, 1869, p. 251 ; Lacertilia NcUantiat Owen ; Palaeontograph. Society, 
Cretaceous Reptiles. 

ClidaatidcB ; Cope, 1. c, p. 258. 

MosasauridcB ; Cope, 1. c, p. 260. 



XI. OPHIDIA. 

1. SCOLECOFHIDU. 

Dum^ril; Scolecophidia et CatodorUa, Cope, Proceed. Acad. Nat. Sci., 
1864, p. 230. 
TypblopidsB ; Epanodontiens^ Dum., Bibr. 
StenostomidsB ; Catodantiens, Dam., Bibr. ; Catodonta^ Cope, 1. c. 
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2. TOBTKIGINA. 

Miiller, Cope, 1. c. 

Tortricidae. 

UropeltidflB ; Uropdtacea, Peters ; RhinophidcB, Gray. 

8. ASIKEA. 

Miiller, Cope. 

a, Peropoda. 
Miiller. 

Xenopeltidffi ; Cope, 1. c. ; Giinther, Reptiles Britisb India. 

Pythonids; Cope, 1. c. ; HolodontienSf Dum.,Bibr. 

Boidse ; Cope, 1. c. ; AproierodorUiem^ Dam., Bibr. 

LichanuridflB ; Cope, Proceed. Acad. Nat. Sci., Phila., 1868, p. 2. 

h. Colabroidea. 

Achrochordidae ; Cope, 1. c, p. 231; Achrochordiens, Dum., Bibr. 

Homalopsidae ; Cope, Proceed. Acad. Nat. Sci., Phila., 1864, p. 167; 
NatricidcB (pars), Giinther; Potamophilidce^ Jan. 

Colabridae; Asinea Group P-^, Cope, Proceed. Acad. Nat. Sci., Phila., 
1864, p. 231 ; Calamaridce, OUgodontida, Coronellidce, Colubrida, Dryadidce^ 
Dendrophidce, Dryiophidce, Psammophidas, LycodorUidcBf ScyitdidoB, Dtpto- 
didcB, etc., Giinther, Catal. Brit. Mas., et op. alt. 

Rhabdosomidse ; CoZamancIa; (part), Gtinther. 

4. Protsrogltpha. 

a. Conocerca. 

Elapidse; Cope, L c, p. 231 ; Elapidcs (pars), Giinther, 1. c. 
Najids ; Cope, 1. c. ; Elapida (pars altera), Giinther, 1. c. 

6. Platycerca. 

HydrophidsB ; Hydrides^ Qt^lj ; Bydropkidas, Schmidt, Fischer, Giinther. 
Cope, Proceed. Acad. Nat. Sci., Phila., 1869, p. 75, 1864, p. 231. 

5. SOUSNOGLTF^A. 

Dam^ril, Bibron; Vipendas, Cope, Proceed. Acad. Nat. Sci., 1859, p. 333. 
Atractaspididse ; Giinther; Catal. Brit. Mas. ; Cope, 1. c, 1859, p. 334. 
Causidae; Cope, 1. c, 1859, p. 334. 

Viperidse; Gray; Catal. Brit. Mus., p. 18; Cope, 1. c. ; Giinther, Bep* 
tiles British India. 
Crotalidie; Gray, 1. c, Cope, 1. c, Giintheri 1. c, etauctorum. . 
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8. Critical JRemarks on the System. 

1. In the " Transactions of the American Philosophical Society," 
1869, part I. (August), I proposed a system in which the primary 
groups of the Reptilia were defined anew, and understood in some 
measure difierently from those proposed by Owen. The system of 
the latter author, and that of Von Meyer, were the only ones ex- 
tant previously ; and additional discovery necessitated some modi- 
fications, while the meritorious portions of both it was intended to 
preserve. The groups, perhaps equivalent to " orders," retained, 
were the Ichthyopterygia, Archosauria, Testudinata, Pterosauria, 
Lacertilia, Pythonomorpha, and Ophidia. The form of attachment 
of the quadrate bone was regarded, after Johannes Muller, as an 
element of prime importance in the estimate of afiinities, and of 
nearly equal value, the differentiation of distal elements of limbs, 
the opisthotic bone, the mode of attachment of ribs, etc. 

Another systematic grouping of the orders was proposed by 
Professor Huxley in the "Journal of the Geological Society," 
London, 1869 (November), in which the position and character of 
the rib articulations to the vertebral centra were used exclusively 
in discrimination of the groups. The subclasses proposed were 
the Suchospondylia, which is our Archosauria ; the Perospondylia, 
our Ichthyopterygia ; * the Herpetospondylia, corresponding to our * 
orders Ophidia, Pythonomorpha, Lacertilia, with the addition of 
the Sauropterygia. The last group is rendered unnatural by the 
presence of the latter order, which possesses the closely articulated 
quadrate bone of the Archosauria. I therefore omit it, and retain 
the three orders remaining, in one division, which has already been 
named by MuUer the Streptostylica. Huxley's fourth subclass, 
the Pleurospondylia, includes the Testudinata only. This group I 
*also recognized in the original memoir quoted, and I accept it with 

* Some criticisms of Professor Huxley's in this essay, on roy determination 
of the structores and relations of the Dinosaoria, are so inapposite as to require 
notice. He quotes me as saying of the astragalus of Lelaps, that ** one other 
example of this structure is known in the Vertebrata ; " and adds, " but I shall 
show immediately that the astragalus is altogether similar in the commonest 
birds, and probably in the whole class Ayes." This statement is so precisely the 
reverse of the fiict, that I can only suppose it to be an inadvertence, or a doulbU en- 
tendref the latter being an impossibility in so finir a man as Professor Huxley. On 
page 85 he says : " Professor Cope has distinguished Compsognathus as the type 
of a division Omithopoda, from the rest of the Dinosauria, which he terms Groni- 
opoda (on the structure of the foot, etc.). . . It seems to me precisely by the Struc- 
ture of the foot that Compsognathus is united with, instead of being separated firom, 

I 
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new definition, so muoh so indeed as to constitute a substitution. 
The Rhynchocephalia (an order which Huxley has not recognized), 
Testudinata, and Sauropterygia agree in the essential structures of 
the quadrate element, and the simplicity of the rib attachment ; 
they also agree in the abdominal ribs and plane vertebral centra. 
The capitular rib articulations are on processes in the last, in the 
Testudinata in pits, but in Sphenbdon almost sessile on the centra. 
If Rhynchosaurus be a Rhynchocephalian, it has tortoise-like jaws ; 
so has the Sauropterygian Placodus in some respects. Natatory 
fins of Plesiosaurus, etc., are repeated in the turtle Sphargis. So, 
though this association into the subclass which I have called Syn- 
aptosauria appears at first sight unnatural, it probably ^las a basis 
in nature. 

2. The OmithochiraB of Seeley do not appear to belong to the 
Omithosauria, but to the Birds, where they would enter the sub- 
class SaururaB with the Archaeopteryx. This depends on the accu- 
racy of Seeley's statement that the metatarsi are united, and there 
seems to be no reason to doubt it. This learned author does not 
state whether the tarsal bones are distinct or not ; though confluent 
metatarsi ' suggest union of these also, since the Dinosauria lose 
the distinctness of the tarsals, and preserve separate metatarsals. 
This group will be annectant to the Reptilia by their near allies 
the Ornithosaurian group of DimorphodontsB of Seeley. 

3. The arrangement of the Lacertilia is the same as that pro- 
posed by the author in 1864, with three exceptions. The Rhipto- 
glossa are separated from the Pachyglossa by a wider interval, and 
the two groups are regarded as of primary value. In the system 
quoted they are united into one primary group, — the Acrodonta. 
Secondly, the SphenodontidsB (Hatteriidse) are removed from the 

the Omithoscelida." I united Compsognathus with the Dinosauria in 1867, on 
account of the foot structure (as quoted by Professor Huxley, p. 24), but regarded 
its subordinate modification of arrangement as indicative of a subordinate divi- 
sion, Sjmphypoda. This is exactly the course adopted by Professor Huxley in 
1869, only he changes the name of Symphypoda to Compsognatha, and gives dif- 
ferent characters to it. As to the groups Omithopoda and Goniopoda, as ascribed 
to me, they cannot be found in my papers. On page 24 Professor Huxley supports 
Cuvier's determination of the position of tlie tibia in Dinosauria, as difierent 
from mine, observing that " Cuvier was right from a morphological point of 
view, when he declared the tibia to be laterally compressed," etc This point I 
never contested ; but that Cuvier was wrong so far as actual position is con- 
cerned, as I have proposed, is evidently Professor Huxley's opinion, since he 
arranges the tibia in his descriptions and plates precisely as I did in 1867. 
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Pachyglossa, and associated with certain extinct forms into the order 
Rhynchocephalia. This is in consequence with the full statement of 
its structural characters by Gunther, and I accept the new order 
proposed for it by this author, with some change of diagnosis. 
Third, the ZonuridsB are regarded as distinct from the LacertidsB 
on account of their papillose tongue. 

4. In the Ophidia, the Typhlopidaa and Stenostomidae are united 
into one order, the Scolecophidia, as already done by Dum^ril and 
Bibron. I separated them in the systeni proposed in connection 
with that of the Lacertilia in 1864, on account of the supposed ab- 
sence of the prefrontal bone in Typhlops while it is present in 
^tenostoma. I find, however, that the large bone I supposed to 
be inaxillary in Typhlops, is really the prefrontal, and that the 
maxillary is concealed on the inferior face of the skull, being rep- 
resented by a narrow strip alongside of the vomer. 

9. On the HhynchocephaHa and supposed LacertUia of the 

Trias and Permian, 

The exiftence of Lacertilia in the Trias has been asserted by Pro- 
fessor Huxley, as indicated by the genera H3rperodapedon, Teler- 
peton, Rhynchosaurus, and Saurosternum.* For us the evidence 
furnished \^y these and other genera is conclusive only as to the 
presence of the Rhynchocephalia in beds of that age, while the 
existence of the Lacertilia remains undecided. The other genera 
are from Grermany*; viz., Proterosaurus, Sphenosaurus, and Phane^ 
rosaurus, of Meyer. Of these the first two are believed by Huxley 
to be Lacertilia.t 

The characters of the Rhynchocephalia have been in part 
pointed out in the preceding pages. Other features, especially of 
the soft parts, can be learned by Reference to Gunther's M<^ograph 
of Sphenodon, already quoted. 

Of the above genera, Hyperodapedon has the remarkable palar- 
tal structure characteristic of Sphenodon, and entirely unknown 
among the Lacertilia, and I have little doubt that the genus be- 
longs to the same order ; viz., the Rhynchocephalia. In all of the 
remaining genera, the vertebrsB are flat or sub-biconcave as in 
Rhynchocephalia, and not proccelian as in Lacertilia. In defence 
of»the position of Telerpeton as a Lacertilian, Professor Huxley 
cites the biconcave vertebrsB of the Gecconidaa. These are, how- 
ever, fish-like, and enclose within the adjacent conic cavities of 

* Jour. Geol. Soc., Lond., 1869, p. 49. f Ibid., p. 87. 

Jl«A.A.B. V0L.ZIZ. 81 
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two centra a mass of cartilage. In the Batrachia, the ossification 
of this mass produces the ball which adheres to the centrom 
in front or behind, producing the proccelian or opisthocoelian ver- 
tebra. The vertebraa of Grecconidsd are therefore probably in the 
embryonic form of those of the other Lacertilia. Not so, how- 
iever, with the Triassic genera in question. According to Meyei's 
figures, they are nearly plane, like those of Sphenodon and Dino- 
sauria ; and were probably developed round the chorda dorsalis, 
without retention of included* balL 

In Phanerosaums, the neural arches are united to the body by 
suture, a character unknown in the Lacertilia. In general the ver- 
tebraa by which the genus is known might as well belong to 4 
Sauropterygian. In Proterosaurus (See Yon Meyer's ^ Saurier ans 
dem Kupferschiefer," Plates), the forms of the inferior pelvic bones 
and the presence of inferior abdominal ribs, are so entirely nnlike 
any thing in the Lacertilia, and so much like the same parts in 
Sphenodon, that this genus also, I have no doubt, is a Rhynchoce- 
phalian. Every thing is in favor of the supposition that Rhyncho- 
saurus and Sphenosaurus are Rhynchocephalians, sincA the parts 
preserved correspond with those of known types of that cmier, and 
none of the special peculiarities of Lacertilians, as distinguished 
from the former, have been discovered. , 

The only genera remaining are Saurostemum (Huzl.) and Teler- 
peton (Mant.). In the latter genus the palatine bones are said not to 
be separated by the pterygoids, and there is no quadratojngal repre- 
sented by Huxley : if these characters exist, it suggests the Lacer- 
tilia rather than Rhynchocephalia. The latter is the more important 
point ; but further examination is necessary to decide on it, as the 
postorbital arch is also omitted in the figure, which is possibly an 
inaccurapy, consequent on the state of the specimen. The form is 
in its dentition equally like the Lacertilian Uromastix and the 
Rhynchocephalian Sphenodon ; but the transverse direction of the 
parieto-squamosal arch, and the plane or concave articulations of 
the vertebral centra, are those of the latter, not of t}ie former. 

As to Saurostemum, not enough is known of the only specimen 
to ascertain whether it belongs to the Lacertilia or Rhynchocepha- 
lia. There is no cranium, and the parts preserved or described 
are as characteristic of one order as the other. 

10. StrcUigraphic HekUion of the Orders of Iiq)tilicL 
This is most readily shown in tabular form, as follows : — 
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It will be observed, by this table, that the most specialized Rep- 
tilian order, the Ophidia, appeared last in time in the Eocene period ; 
and that those which constitute the line of connection with the gen- 
eralized reptiles appeared earlier as they approached the latter, — 
the Pythonomorpha in Cretaceous, and Lacertilia in Jurassic times. 
The Reptilian groups most specialized in bird characters (Ornitho- 
sauria and Dinosauria) appear on the other hand very early ; the first 
and most Mammalian also, — the later of the two, — in Jurassic 
Beds. The Trias gives us in the Anomodontia and Ichthyoptery- 
gia, the two most generalized and lowest orders; while their 
contemporary, the Rhynchocephalia, almost as much generalized in 
Reptilian features proper, was already represented in the Trias. 
Strangely enough this order yet exists in the living Sphenodon of 
New Zealand. The Crocodilia, rather specialized in bird charac- 
ters, accompanies the last in this wonderful persistency, beginning 
also in the Trias. 

The inquiry as to the truth of the proposition that the mpre 
ancient types of animals are more generalized, and therefore more 
embryonic in the characters of a special nature* which character- 
ized groups later introduced, is answered in a very imperfect way 
in the affirmative. It is like the shadow of a truth whose substance 
will shortly come before us. But when we come to compare the 
subdivisions of the orders themselves with each other, and with 
those of other orders, as we pass backwards in time, the weight of 
the affirmative answer to the above proposition is greatly increased. 
The oldest Ophidia are boseform, therefore approaching Lacertilia 
and Pythonomorpha. The oldest Tortoises have generally the most 
incomplete carapace and plastron ; among them the Psephoderma 
allied to Sphargis, without carapace, and thus the most lizard-like of 
the order. The Lacertilia of European Jurassic strata are, some of 
them at least, acrodont, apparently Pachyglossa (e, g.^ Acrosaurus), 
and, as such, nearer the Rhynchocephalia, which preceded them in 
time. The position of Homorosaurus and Piocormus is not detei^ 
minable, as the dentition cannot be understood from the descriptions 
and figures of Wagner. The form of the mesosternum of the former 
refers it to either the Pachyglossa or Iguania, as I understand those 
groups. It may be assumed that since the order Lacertilia has 
diverged from the line of other Reptilia, while it took on in its 
special peculiarities it lost in the features characterizing the main 

* The identity of these two propositions has' not always been noticed by 
authors. 
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series with a higher tendency or terminus, thxis retrograding in 
one sense. This is seen in the shortened sacrum, pleurodontu den- 
tition, etc. 

The Crocodilia of the Jurassic do not possess the ball and 
socket-jointed vertebraa of the recent genera, and exhibit the plane 
articular faces of all the Jurassic and Triassic Reptilia. Their 
basicranial region is also plane like that of other orders, instead of 
vertical as in the recent forms. The Triassic Crocodiles are still 
more generalized. Their ribs are extended to the pelvis, as in 
Dinosauria and Anomodontia : there are often three sacral verte- 
bne, an approach to the long sacrum of the same orders. The 
femur, with third trochanter, is an approach to that of the Dino- 
sauria ; and finally the position of the nostrils near the orbits (6e- 
lodon) is a Sauropterygian feature. In the jSauropterygia the 
shortened vertebral column, and long muzzle (Pistosaurus) in the 
oldest types (Triassic), are approximations to the Crocodilia. The 
Dinosauria display an increasingly Crocodilian character as we 
pass into the Triassic period. The femur (PalaBosaurus, Megadac- 
tylus) loses the bird-like head, and assumes the ill-defined convexity 
of the Crocodiles; the tibia (Plateosaurus) loses the bird-like 
" spine," or crest. The ilium is shorter (Palseosaurus). Every 
student of the subject knows how much more difficult is the sepa- 
ration of the bones of Sauropterygia, Crocodilia, Anomodontia, and 
Dinosauria, of the Trias, than those of the Cretaceous. There are 
types allied to the Rhynchocephalia, whose systematic position is 
doubtful, owing to the generalized character of the parts we pos- 
sess. Thus the Rhynchosaurus of the Trias of England is allied 
to that order, and to the Anomodontia. The Rhopalodon of the 
Permian has a large canine tooth, like the single one possessed by 
the Anomodontia ; but with others associated, like those of the 
Rh3mchocephalia. The Triassic Sauropterygia and Rhynchoce- 
phalia also agree in the anterior production of the pterygoid bones 
between the palatines to the vomer. Compare, for this point, Hy- 
perodapedon and Nothosaurus. 

We learn from such considerations as the above, and similar 
ones derived &om the study of the MammaUa, that the successional 
relation of the faunas of the periods in geologic time is more strik-* 
ingly exhibited by the subordinate contents of the orders than 
by the orders themselves, in relation to each other. From this we 
decide that we must look for the origin of the orders in periods 
prior to those in which we now know them, L^ as some suppose, 
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they originated in Btill more generalized types. This accords with 
Huxley's view of the period of origin of the Mammalian orders. 

It must also be remembered that the above deduction as to 
geological distribution is precisely that of geographical distribu- 
tion; i. e., that the homologous groups of different continents are 
not orders, but subordinate divisions of orders, the orders being 
universally distributed. This coincidence is remarkable, and justi- 
fies the view I have taken of the origin of higher types on the basis 
of retardation and acceleration, and of the nature of synchronism.* 

Note in reply to Dr. Seeley^s remarks on my interpretation of the structure 
of the cranium of Ichthyosaurus. 

A brief abstract of the portions of the preceding paper, which relate to 
Ichthyosaurus and Lystrosaarus, having been published in the ** American 
Naturalist,'^ for 1870, Dr. Secley publishes a criticism of the statements and 
conclusions therein contained, in the " Annals and Magazine of Natural 
History " for April, 1871. I will briefly reply to these remarks; an(} com- 
mence by saying that he discovers some errors in determinations of bones of 
the cranium of Ichthyosaurus, which are due to errors of the artist and proof 
reader ; such are more likely to occur in an abstract issued early in a 
periodical, than in the essay itself. Thus he finds the lettering of the maxil- 
lary and lachrymal bones to be exchanged. This, as he supposes, is the 
artist's error, and one which was corrected on the proof which was not 
received in time. He also finds the nomenclature of the elements of the 
mandible to be erroneous. This resulted from a misconception by the 
artist of the lettering on my original drawing, which I find to be correct, 
and which in the present memoir is correctly copied. In the same way the 
small *' supersqnamosal " will be found described in the present paper. 

The question as to the determination of the bones forming the roof of 
the cranium receives new light from Dr. Seeley's remarks. This has been 
much needed by American naturalists, for I have been unable to find in 
the whole range of the literature of the subject an English description of the 
osteology of the head of Ichthyosaurus, which is at all complete ; and the 
figures are not more instructive. Dr. Seeley's statement, that the flat 
bone on the inner side of the temporal fossa, continuous in our specimen 
with the squamosal, is usually separated from the latter by suture, is valua- 
ble, and suggests that the element may be parietal and not homologous with 
the similar plate in Dicjrnodonts. This possibility has existed in my mind 
all along, but what are thus probably sutures in two of our specimens have 
looked as much like fractures. As to the bones suspected to be nasals, I 
find that of the left side present in a specimen of /. intermedius, besides 
that from Barrow, but wanting in one of 1. tenuirostris. As observed, by 
Seeley, the absence of a bone in a fossil has little weight in evidence of its 

• Origin of Genera, IsdiS; Hypothesis of Evolution, 1870. 
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non-existence, as compared with its presence in evidence of its existence. 
NeTertheless, its absence in so many specimens as Dr. Seeley has had the 
opportunity of examining renders it necessary to ascertain whether the 
element in question is a dismemberment of some other bone or not. And 
this I must leave to those who have more extended material for examina- 
tion. Dr. Seeley*s objections to my determination of the frontals (P nasals) 
are not weighty, and are anticipated in the memoir itself. 

On the whole, the probjibilities of the Cuvierian nomenclature of the 
bones of the cranial roof being correct is rather increased by Dr. Seeley^s 
remarks, but I have not been able to discover that any one has correctly 
determined the squamosal, quadratojugal, opisthotic, and stapedial bones 
before the reading of my paper. 



2. On the Embbtology of LncuLus Polyphbmus. By A. S. 
Packabd, Jr., of Salem, Mass. 

(Abstract.) > 

The eggs on which the following observations were made were 
kindly sent me from New Jersey, by Rev. Samuel Lockwood, who 
has given an account of the mode of spawning, and other habits, 
in the ^ American Naturalist." They were laid on the 16th of May, 
but it was not until June 3d that I was able to study them. The 
eggs measure ;07 of an inch in diameter, and are green. In the 
ovary they are of various hues of pink and green just previous to 
being laid, the smaller ones being, as usual, white. The eggs are 
simple, the ovarian eggs being formed of a single cell. The yolk 
is dense, homogeneous, and the yolk granules, or cells, are very 
small, and only in certain specimens, owing to the thickness and 
opacity of the egg-shell, could they be detected. 

Not only in the eggs already laid, but in unfertilized ones taken 
from the ovary the yolk had shrunken slightly, leaving a clear 
space between it and the shell. Only one or two eggs were ob- 
served in process of segmentation. In one the yolk was subdi- 
vided into three masses of unequal size. In another the process 
of subdivision had become nearly completed. 

In the next stage observed, the first indications of the embryo 
consisted of three minute, flattened, rounded tubercles, the two 
anterior placed side by side, with the third immediately behind 
them. The pair of tubercles probably represent the first pair of 
limbs, and the third, single tubercle the abdomen. Seen in out- 
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line tbe whole embryo is raised above the Burface of the yolk, 
being quite distinct from it, and of a paler hue. In more advanced 
eggs three pairs of rudimentary limbs were observed, the most 
anterior pair representing the first pair of limbs (false mandibles 
of Savigny) being much smaller than the others. The mouth 

Fig. 1. Fig. 2. 

at 
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opening is situated just behind them. In a succeeding stage (fig. 1, 
ar^ areola ; am, inner egg mi^mbrane ; ch^ chorion) the embryo forms 
an oval area, surrounded by a paler colored areola, which is raised 
into a slight ridge. This areola is destined to be the edge of the 
body, or line between the ventral and dorsal sides of the animal. 
There are six pairs of appendages, forming elongated tubercles, 
increasing in size from the head backwards ; the mouth is situated 
between the anterior pair. The whole embryo covers but about a 
third of that portion of the yolk in sight. At this time the iimer 
egg membrane (blastoderm-^skin ?) was first detected. 

The outer membrane, or chorion, is structureless ; when ruptured, 
the torn edges show that it is composed of five or six layers of a 
structureless mepibrane, varying in thickness. The inner egg 
membrane is free fromthe chorion, though it is in contact with it. 
Seen in profile it consists of minute cells which project out, so 
that the surface appears to be finely granulated. But on a vertical 
view it is composed of irregularly hexagonal cells, sometimes five- 
sided, and rarely four^-sided, hardly two cells being alike. The 
walls of the cells appear double, and are either strongly waved, or 
have from three to five long slender projections, with the ends 
sometimes knobbed, directed inwards. These cells are either 
packed closely together, or separated by quite a wide interspace. 

In a subsequent stage (fig. 2) the oval body of the embryo has 
increased in size. The segments of the cephalothorax are indicar 
ted, and the legs have grown in length, and are doubled on them- 
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selves. But the most important change is in the small size of the 
rudiments of the mandibles, compared with the remaining five 
pture of limbs ; and the origin of two pairs of gills, forming pale 
oblique bands between the sixth pair of legs and the end of t^ 
abdomen, which forms a narrow semicircular area. 

A later stage is signalized by the more highly developed dorsal 
portion of the embryo, and the increase in size of the abdomen 
and the appearance of nine distinct abdominal segments. The 
segments of the cephalothorax are nov very clearly defined, as 
also the division between the cephalothorax and abdomen, the lat- 
ter being now nearly as broad as the cephalothorax, the sides of 
which are not spread out as in a later stnge. At this stage the 
egg-shell has burst, and the inner egg membrane increased in size 

Fitt.4. 
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several times exceeding its original balk, and has admitted a cor- 
responding amount of liquid, in which the embryo revolves. At a 
little later period the embryo throws off an embryonal sldn, the 
thin pellicle floating about in the egg. 

Still later in the life of the embryo the claws are developed, 
an additional mdimentary gill appears, and the abdomen grows 
broader and larger, with the segments more distinct ; the heart 
also appears, being a pale streak along the middle of the back 
extending from the front edge of the cephalothorax to the base of 
the abdomen. 

Just before hatching the cephalothorax spreads out, the whole 
animal becomes broad and fiat, the abdomen being a little more 
than half as wide as the cephalothorax. The two eyes and the 
pair of ocelli on the front edge of the cephalothorax are distinct ; 

A. A. A. 8. T0t~III. 82 
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the appendages to the gills appear on the two anterior pairs ; the 
legs have increased in length, though only a rudimentary spine has 
appeared on the coxal joint, corresponding to the numerous spines 
in after life. The trilobitic appearance of the embryo {^g. 3, top ; 
% side view) is most remarkable. It also now closely resembles 
the Xiphosurian genus Bellinurus. The cardiac, or median, region 
is convex and prominent. The lateral regions are more distinctly 
marked on the abdomen than on the cephalothorax. The six 
segments of the cephalothorax can, with care, be distinguished ; 
but the nine abdominal segments are most clearly demarked, and 
in fact the whole embryo bears a very near resemblance to certain 
genera of Trilobites, as Trinucleus, Asaphus, and others. 

In about six weeks from the time the eggs are laid the embryo 
hatches. It differs chiefly from the previous stage in the abdomen 
in being much larger, scarcely less in size than the cephalothorax ; 
in the obliteration of the segments, except where they are faintly 
indicated on the cardiac region of the abdomen ; and the gills are 
much larger than before. The abdominal spine is very rudimen- 
tary, forming a lobe varying in length, but scarcely projecting be- 
yond the edge of the abdomen. It forms the ninth segment. The 
young swim briskly up and down the jar, skimming about on their 
backs, by flapping their gills, not bending their bodies. This mode 
of swimming corresponds to that of Apus. In a succeeding moult, 
which occurs between three and four weeks afler hatching, the 
abdomen becomes smaller in proportion to the cephalothorax, aifd 
the abdominal spine is prominent, being ensifoim, and about three 
times as long as broad. At this, and also in the second or succeed- 
ing moult, which occurs about four weeks after the first moult, 
the young Limulus doubles in size. 

Concluaiona. — The eggs are laid in great numbers in the sand, 
the male probably fertilizing them after they are dropped. This is 
an exception to the usual mode of oviposition in Crustacea ; Squilla 
and a species of Gecarcinus being the only exception known to 
me to the law that the Crustacea bear their eggs about with them. 
Besides the structureless, dense, irregularly laminated chorion, 
there is an inner egg membrane composed of rudely hexagonal 
cells; this membrane increases in size with the growth of the 
embryo, the chorion splitting and being thrown off during the lat- 
ter part of embryonic life. Unlike the Crustacea genei'ally, the 
primitive band is confined to a minute area, and rests on top of the 
yolk, as in the spiders and scorpions, and certain Crustacea; t.e^ 
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£^iphia tpinifrona, Aaiacus fiuaiatiUt, Pcdcemon adaper»us, and 
Crangon maculoma, in which there is no metamorphosis. 

The embryo is at first a NaupUus; it sheds a larval skin about 
the middle of embiyonio life. 

This larval skin coireBponds in some respects to the "larval 
skin " of German embryologists. It is a true moult however, the 
skin being cast after the feet have become quite large, and the 
larva has passed into the subzoea stage. 

The recently hatched young of Limnlus (fig. 4) can scarcely 
be considered a Nauplius, like the \arvas of the Phyllopoda, Apus 

Fig.B. 

ng.*. 




(fig. 5, a), and Branchipos (fig. 5, b), but is to be compared 
with those of the Trilobites, as described and figured by Bar- 
rande (fig. 6, larva of Trinudeui ornatua ; fig. 7, larva of Sao 
*1|{B- fiifauta; fig. 8, larva of Agnostua nudua), 

which are in Trinucleus and 
AgnostuH bom with only the 
head and pygidium, the tho- 
racic segments being added ' 
during after life. The cir- 
cular larva of Sao hirsuta, 

Ijtvm of TrinucleuB oma- which has nO thoraX, Or, at Urvft of S«o hiriuWj 
tuft. DalunI Biae. uid en- . i- Datum uze, uid 

iM^. least, a very rudimentary enl«rged. 

thoracic region, and no pygidium, approaches nearer to the Nan- 
plius form of the Phyllopods, though we would contend that it is 
not a Nauplius. It should rather be compared to the larva or zoea 
of Decapoda, and may perhaps be called a retarded zoSa. 
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Fig. 8. 
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Indeed a study of the embryology of Limxilus, as well as its 
anatomy, leads me to consider, as several authors have done, from 
Savigny and Van der Hoeven down to the present time, the ante- 
rior division of the body as a cephalothorax, the posterior division 
being the abdomen. Latreille, Milne-Edwards, and more recently 
Mr. Henry Woodward,* the distinguished palseontologist, have 
regarded the anterior division of the body as the head, and the 
posterior division as embracing the thorax and abdomen ; the last 
three segments in Mr. Woodward's opinion, including the telson, 
representing the abdomen. Professor Dana, in his great work on 
the Crustacea of the United States Exploring Expedition, regards 
the telson as the abdomen, the remainder of the animal being the 
cephalothorax. Against this view I think can be brought the era- 
bryological facts already stated. The germ first starts as a Nau- 
plius, and just previous, to moulting a larval skin in the egg^ the 
abdomen is difTerentiated from the cephalothorax. In this latter 
region (composed of six segments) are contained not only the eyes, 

simple and compound, but all 
the ambulatory appendages, 
which surround the mouth 
and are true maxillipeds; no 
antennae or thoracic append- 
ages being developed, unless 
the last pair of ambulatory feet 
be considered as thoracic mem- 
bers. This region contains the 
stomach and a considerable 
* portion of the intestine, and 
the liver, which opens into the 
intestine near the middle of 
the cephalothorax, sending but 
a single pair of biliary tubes into the abdomen. The anterior half 
of the dorsal vessel, with two pairs of arteries, and two pau^ of 
valvular openings, is situated in the cephalothorax. Lastly, the 
genital openings in both sexes are situated on the first pair of 
abdominal lamellate appendages, the testes and ovaries lying wholly 
in the cephalothorax ; the ovaries, when distended with eggs, fill- 
ing up the front of the cephalothoracic shield. 

The abdomen consists of nine segments, the long spine-like tel- 

• On some Pointo in the Structure of the Xiphoaura. Quarterly Journal of the 
Geological Society of London, for February, 1867. 
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son fomaing the ninth, as seen plainly in the embryo. The ab- 
dominal cavity is small, the abdomen being very thin, and mainly 
filled with the muscles attached to the lamellate feet. 

There are, then, in Limulus, probably no thoracic feet, compar- 
able with those of the Decapods and the Tetradecapods ; and the 
thoracic region (as much of it as exists) is merged with the head, 
in fact never becoming differentiated from the head proper. Thus 
we have in Limulus a crustacean with the body divided into two 
regions : a cephalothorax (the thorax being potential, viewed ex- 
ternally, with no appendages or segments to indicate its existence) 
and a nine-jointed abdomen. 

This disposition of the body-segments is paralleled by the zoea, 
or young, of the Decapods. In the freshly hatched zoea the body 
is divided into two regions : the cephalothorax, with no trace at 
first of thoracic segments, or thoracic appendages (the two pairs of 
large feet being deciduous mandibles and maxillee), the thorax not 
being yet differentiated ; and a five to seven jointed abdomen. The^ 
size of the cephalothorax, as compared with the abdomen, varies 
greatly in the different forms of zoeaB, some zoeae strongly resemb- 
ling Eurypterus in the small cephalothorax. After the first moult 
five pairs of rudimentary thoracic limbs arise at the hinder portion 
of the cephalothorax, thus proving our statement that the cephalo- 
thorax of Limulus, and consequently the so called "head" of 
Eurypteras and Pterygotus, combines a head with a potential tho- 
rax, the latter never becoming differentiated in subsequent moults. 

In the Trilobites, however, if the late discovery of Mr. Billings 
is correct, the thoracic segments bearing jointed feet are de- 
veloped ; though, as shown by Barrande, the larval trilobite is 
hatched either without any, or with but a single, thoracic segment. 
Limulus, Eurypterus, Pterygotus, and their allies (Huxley has 
aptly compared the Eurypteridea to a zoea), with the Phyllopods, 
may be considered as virtually in a zoea stage, or, to be more pre- 
cise (since they lack many important characters of zoefiB), retarded 
zoeflB ; and the ancestry of the Decapods may be thus traced to 
the Branchiopods. 

The larva passes through a slightly marked metamorphosis. It 
differs from the adult simply in possessing a less number of ab- 
dominal feet (gills), and in having only a very rudimentary spine. 
Previous to hatching it strikingly resembles Trinucleus and other 
Trilobites, suggesting that the two groups should, on embryonic 
and structural grounds, be included in the same order, especially 
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now that Mr. E. Billings * has attempted to show that Asaphos pos- 
sessed eight pairs of five-jointed legs of uniform size. The trilo- 
bitic character of the body, as shown in the prominent cardiac and 
lateral regions of the body, and the well-marked abdominal segments 
of the embryo, the broad sternal groove, and the position and 
character of the eyes and ocelli, strengtheh this view. The organi- 
zation and the habits of Limulus throw much light on the probable 
anatomy and habits of the Trilobites. The correspondence in the 
cardiac region of the two groups shows that their heart and circu- 
lation was similar. The position of the eyes shows that the Trilo- 
bites probably had long and slender optic nerves, and indicates a 
general similarity in the nervous system. The genital organs of 
the Trilobites were probably very similar to those of Limulus, as 
they probably could not have united sexuaUy; and the eggs were 
probably laid in the sand or mud, and impregnated by the sperm 
cells of the male, floating free in the water. 

The muscular system of the Trilobites must have been highly 
organized as in Limulus, as like the latter they probably lived by 
burrowing in the mud and sand, using the shovel-like expanse of 
the cephalic shield in digging in the shallow paleozoic waters 
after worms and stationary soft-bodied invertebrates, so that we 
may be warranted in supposing that the alimentary canal was con- 
structed on the t3rpe of that of Limulus, with its large, powerful 
gizzard, and immense liver. 

The order Branchiopoda may be subdivided then into per- 
haps four suborders: (1) the Phyllopods; (2) the Clodocera; 
(3) the Trilobites, or Paleodes ; and (4) the PcBciloptera, compris- 
ing the Limuli and Eurypteri. 

Speculating on the ancestry of the members of the order of 
Branchiopoda, they may be traced to a common Nauplius form, 
as Fritz Miiller, Haeckel, and Dohm have done for the Crus- 
tacea generally. This Nauplius form may have existed in the 
Laurentian period, as we already find highly organized Trilobites, 
Phyllopods, and Ostracodes in the lower Silurian strata. The 

* Proceediogs of the Geological Society of London. Reported in " Nature/' 
June 2, 1870. In this communication Mr. E. Billings announces the important 
discoverj of a specimen of Asaphus platycephalus, showing that the animal pos- 
sessed eight pairs of fl?e-jointed feet, widely separated at their insertions by a 
broad sternal groove. 

While this paper is going through the press we notice that Messrs. Dana, Ver* 
rill, and Smith, however, from an examination of Mr. Billings' specimen, at the 
tatter's request, question whether there be appendages at all. (Amer. Joum. of 
Science, May, 1871.) 
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modern Phyllopods, etich as Apas and Branchipns, may have de- 
scended, perhaps, by two parallel lines of descent, from certain 
Silurian Copepoda and Ostracoda. The ori^n of these forms may 
be accounted for rather by a process of acceleration and retardation 
of development as suggested by Messrs. Cope ♦ and Hyatt,t involv- 
ing a more or less sudden formation of generic forms, than by the 
theory of Natural Selection, which involves an indefinite number 
of slight modifications for the production of even a variety, and 
such a succession of intermediate generic forms as we do not 
perhaps find recent or fossil. 



3. On thb Young op Obthaqokiscus mola. By F. W. Put- 
nam, of Salem, Mass. 

(Abstract) 

The investigations of which the following abstract gives the 
general results were undertaken in consequence of the statement, 
made by Messrs. Lutken and Steenstrup, t that the young of Or- 
thagoriscus differed greatly from the adult, and that Molacanthus 
was not a distinct genus, but simply the young state of Orthago- 
riscus. This statement of the distinguished Copenhagen zoologists 
led him to believe that they had not seen the young of Orthago- 
riscus, and had been misled by the singular form of Molacanthus 
in considering that genus as the younger state of the sunfish. He 
exhibited drawings of Molacanthus, of the adult form of Orthago- 
riscua mola and 0, oUoriffua^ and of the young of the last two. 
The drawing of the young of 0. oblongus was copied from Har- 
ting's work. Harting had figured the specimen in connection with 
remarks to the effect that he thought the young of this genus were 
not so different from the adult in form as supposed by LUtken and 
Steenstrup. 

The drawings of the young of 0. mola were from specimens 
taken in Massachusetts Bay, and now in the Pcabody Academy of 
Science, having been received from the Essex Institute, in whose 

• Origin of Genera. Philadelphia, 1868. 

t Parallelism between the Order and Individual in the Tetrabranchiate Cephal- 
opoda. Memoirs of the Boston Society of Natural Hlstorj, 1866, and " American 
Naturalist," vol. iv., pp. 230, 419. 

t (Efrersigt Danake Videnak. Selak. Forhandl., 1863, p. 86. 
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they originated in still more generalized types. This accords with 
Huxley's view of the period of origin of the Mammalian orders. 

It mnst also be remembered that the above deduction as to 
geological distribution is precisely that of geographical distribu- 
tion ; ». e., that the homologous groups of different continents are 
not orders, but subordinate divisions of orders, the orders being 
universally distributed. This coincidence is remarkable, and justi- 
fies the view I have taken of the origin of higher types on the basis 
of retardation and acceleration, and of the nature of synchronism.* 

Note in reply to Dr, Seeley^a remarks on my irderpretaiion of the structure 
of the cranium of Ichthyosaurus. 

A brief abstract of the portions of the preceding paper, which relate to 
Ichthyosaarus and Lystrosaurus, having been published in the ** American 
Naturalist,'^ for 1870, Dr. Secley publishes a criticism of the statements and 
conclusions therein contained, in the *' Annals and Magazine of Natural 
History " for April, 1871. I will briefly reply to these remarks; anc} com- 
mence by saying that he discovers some errors in determinations of bones of 
the cranium of Ichthyosaurus, which are due to errors of the artist and proof 
reader ; such are more likely to occur in an abstract issued early in a 
periodical, than in the essay itself. Thus he finds the lettering of the maxil- 
lary and lachrymal bones to be exchanged. This, as he supposes, is the 
artist's error, and one which was corrected on the proof which was not 
received in time. He also finds the nomenclature of the elements of the 
mandible to be erroneous. This resulted from a misconception by the 
artist of the lettering on my original drawing, which I find to be correct, 
and which in the present memoir is correctly copied. In the same way the 
small *' supersquamosal " will be found described in the present paper. 

The question as to the determination of the bones forming the roof of 
the cranium receives new light from Dr. Seeley's remarks. This has been 
much needed by American naturalists, for I have been unable to find in 
the whole range of the literature of the subject an English description of the 
osteology of the head of Ichthyosaurus, which is at all complete ; and the 
figures are not more instructive. Dr. Seeley's statement, that the flat 
bone on the inner side of the temporal fossa, continuous in our specimen 
with the squamosal, is usually separated from the latter by suture, is valua- 
ble, and suggests that the element may be parietal and not homologous with 
the similar plate in Dicynodonts. This possibiUty has existed in my mind 
all along, but what are thus probably sutures in two of our specimens have 
looked as much like fractures. As to the bones suspected to be nasals, I 
find that of the left side present in a specimen of J. intermedius, besides 
that from Barrow, but wanting in one of i. tenuirostris. As observed^ by 
Seeley, the absence of a bone in a fossil has little weight in evidence of its 

• Origin of Genera, 18^8; Hypothesis of Evolution, 1870. 
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non-existence, as compared with its presence in evidence of its existence. 
Nevertheless, its absence in so many specimens as Dr. Seeley has had the 
opportunity of examining renders it necessary to ascertain whether the 
element in question is a dismemberment of some other bone or not. And 
this I must leave to those who have more extended material for examina- 
tion. Dr. Seeley*s objections to my determination of the frontals (P nasals) 
are not weighty, and are anticipated in the memoir itself. 

On the whole, the prob[ibilities of the Cuvierian nomenclature of the 
bones of the cranial roof being correct is rather increased by Dr. Seeley^s 
remarks, bat I have not been able to discover that any one has correctly 
determined the squamosal, quadratojugal, opisthotic, and stapedial bones 
before the reading of my paper. 



2. On the Embbyolooy of Lxmulus Poltphemits. By A. S. 
Packasd, Jr., of Salem, Mass. 

(Abstract.) • 

Thb eggs on which the following observations were made were 
kindly sent me from New Jersey, by Rev. Samuel Lockwood, who 
has given an account of the mode of spawning, and other habits, 
in the " American Naturalist." They were laid on the 16th of May, 
but it was not until June 3d that I was able to study them. The 
eggs measure ;07 of an inch in diameter, and are green. In the 
ovary they are of various hues of pink and green just previous to 
being laid, the smaller ones being, as usual, white. The eggs are 
simple, the ovarian eggs being formed of a single cell. The yolk 
is dense, homogeneous, and the yolk granules, or cells, are very 
small, and only in certain specimens, owing to the thickness and 
opacity of the egg-shell, could they be detected. 

Not only in the eggs already laid, but in unfertilized ones taken 
from the ovary the yolk had shrunken slightly, leaving a clear 
space between it and the shell. Only one or two eggs were ob- 
served in process of segmentation. In one the yolk was subdi- 
vided into three masses of unequal size. In another the process 
of subdivision had become nearly completed. 

In the next stage observed, the first indications of the embryo 
consisted of three minute, flattened, rounded tubercles, the two 
anterior placed side by side, with the third immediately behind 
them. The pair of tubercles probably represent the first pair of 
limbs, and the third, single tubercle the abdomen. Seen in out- 
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line the whole embryo is raised above the surface of the yolk, 
being quite distinct from it, and of a paler hue. In more advanced 
eggs three pairs of rudimentary limbs were observed, the most 
anterior pair representing the first pair of limbs (false mandibles 
of Savigny) being much smaller than the others. The mouth 

Fig. 1. Fiff. 2. 

at 




Embiyo of Limiiliu. 

opening is situated just behind them. In a succeeding stage (fig. 1, 
ar, areola ; am^ inner egg membrane ; cA, chorion) the embryo forms 
an oval area, surrounded by a paler colored areola, which is raised 
into a slight ridge. This areola is destined to be the edge of the 
body, or line between the ventral and dorsal sides of the animal. 
There are six pairs of appendages, forming elongated tubercles, 
increasing in size from the head backwards ; the mouth is situated 
between the anterior pair. The whole embryo covers but about a 
third of that portion of the yolk in sight. At this time the ^mer 
egg membrane (blastoderm-skin ?) was first detected. 

The outer membrane, or chorion, is structureless ; when ruptured, 
the torn edges show that it is composed of five or six layers of a 
structureless mepibrane, varying in thickness. The inner egg 
membrane is free from- the chorion, though it is in contact with it. 
Seen in profile it consists of minute cells which project out, so 
that the surface appears to be finely granulated. But on a vertical 
view it is composed of irregularly hexagonal cells, sometimes five- 
sided, and rarely four-sided, hardly two cells being alike. The 
walls of the cells appear double, and are either strongly waved, or 
have from three to five long slender projections, with the ends 
sometimes knobbed, directed inwards. These cells are either 
packed closely together, or separated by quite a wide interspace. 

In a subsequent stage (fig. 2) the oval body of the embryo has 
increased in size. The segments of the cephalothorax are indica- 
ted, and the legs have grown in length, and are doubled on them- 
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Belves. But th« moat important change ia in the flmall size of tho 
mdimenta of the mandibles, compared with the remaining Sve 
pairs of limbs j and the origin of two pairs of gills, forming pale 
oblique bands between the sixth pair of legs and the end of t^ 
abdomen, which forma a narrow semicircalar area. 

A later stage ia aignalized by the more highly developed dorsal 
portion of the embryo, and the increase in size of the abdomen 
and the appearance of nine distinct abdominal segments. The 
segments of the cephalothorax are now very clearly defined, as 
also the division between the cephalothorax and abdomen, the lat- 
ter being now nearly as broad as the cephalothorax, the sides of 
which are not spread ont as in a later stage. At this stage the 
egg-shell has burst, and the inner egg membrane increased in nze 

Rp:.*. 




Embrjo of Limnlns jtut bclbie hitching. 

several times exceeding its original bulk, and has admitted a cor- 
reaponding amount of liquid, in which the embryo revolvea. At a 
little later period the embryo throws off an embryonal skin, the 
thin pellicle floating about in the egg. 

Still later in the life of the embryo the claws are developed, 
an additional rudimentary gill appears, and the abdomen grows 
broader and larger, with the segments moro distinct; the heart 
also appears, being a pale streak along the middle of the back 
extending from the front edge of the cephalothorax to the base of 
the abdomen. 

Just before batching the cephalothorax spreads ont, the whole 

animal becomes broad and flat, the abdomen being a little more 

than half as wide as the cephalothorax. The two eyes and the 

pair of ocelli on the front edge of the cephalothorax are distinct ; 

A. A. 1- B. VOL. xiz. S2 
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Figure 4 represents the adult form of Orthagoriscus mola from 
a drawing of a specimen taken in Massachusetts Bay in 1856. 
Length, forty-two inches ; width from J;ip of dorsal to tip of anal, 
sixty-four inches. This specimen was fully developed, and shows 
the characteristic <' nose " of the older individuals, the backward 
position of the eye and the position of the fins. None of the pub- 
lished figures of the adult are very correct in their outline. The 
best is Chat of Harting, under the name of Ortkagoriacus ozodura^ 
in the " Transactions of the Academy of Amsterdam for 1868.'' 
An intermediate stage between the young and the adult, here 
figm*ed, is represented by the figures of Bloch, Donovan, and 
YarreD. 



4. On the Condobs and HrMMiKa Birds of the Equato- 
rial Andes. By James Oeton, of Poughkeepsie, N. T. 

The Condor has been singularly unfortunate in the hands of the 
curious and scientific. Fifty years have elapsed since the first 
specimen reached Europe ; yet to day the exaggerated stories of \ 

its size and strength are repeated in many of our text-books, and 
the very latest ornithological work leaves us in doubt as to its 
relation to the other vultures. No one credits the assertion of the 
old geographer, Marco Paulo, that the Condor can lift an elephant 
fi'om the ground high enough to kill it by the fall ; nor the story % 

of a traveller, so late as 1880, who declared that a Condor of 
moderate size, just killed, was lying before him, a single quill- 
feather of which was twenty good paces long I Yet the statement 
continues to be published, that the ordinary expanse of a full- 
grown specimen is fi*om twelve to twenty feet; whereas it is 
very doubtful if it ever exceeds, or even equals, twelve feet. A 
full-grown male from the most celebrated locality on the Andes,, 
now in Yassar College, has a stretch of nine feet. Humboldt ^ 

never found one to measure over nine feet ; and the largest speci- 
men seen by Darwin was eight and a half feet from tip to tip. An 
old male in the Zoological Gardens of London measures eleven feet. 
Von Tschudi says he found one with a spread of fourteen feet two 
inches; but he invalidates his testimony by the subsequent state- 
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ment that the fidl-grown Condor measures from twelve to thirteen 
feet. 

The old names of Vultur gryphttSy V. magellanicuSy Oypagi^ 
gryffua^ and ZopiloteSy are obsolete, and Sarcoramphua gryphua is 
universally adopted. But it is not yet settled that it is generi- 
cally distinct from the other great vultures. Thus Sclater and 
Gurney put the Condor alone in Sarcoramphus ; while Gray and 
Strickland include the King Vulture ; and Vieillot and others add 
a third, — the California Vulture. The structure and habits ol 
the Condor, in our judgment, make it worthy to stand by itself. 
The King Vulture- belongs more especially to the plains ; while 
the California species has straggling feathers on its head, builds 
nests in trees where it perches, and its time of incubation is only ^ 
one month. 

But a more important question, perhaps, is whether there is but 
one species. Associated with the Great Condor is a smaller vul- 
ture, having brown or ash-colored plumage instead of black and 
white, a beak wholly black instead of black at the base and white 
at the tip, and no caruncle. It inhabits the high altitudes, and is 
rather common. This was formerly thought to be a distinct spe- 
cies, but lately ornithologists have pronounced it the yoxmg of the 
Sarcoramphua gryphua. We wish this decision to be reconsid- 
ered, for there is some ground for the belief that the first im- 
pression is correct ; that the " Condorpardo " (as the brown kind 
is called by the natives) is specifically distinct from the greater 
" Condor negro." They are always spoken of as separate kinds at 
Quito, where certainly it would be known if one were the young 
of the other. 

Mr. John Smith, an Englishman of intelligence and acute obser- 
vation, and a resident of nearly twelve years on the slope of Anti- 
sana, where both kinds abound, said to us : ^ I have heard it said 
that the Brown Condor is the young of the Black. It cannot pos- 
sibly be, for I have seen young Condors with white beaks and a 
few white feathers in their wings. I have also seen old Condors 
with carbuncles on the head (which are said to come from age 
alone), and black beaks, and the body brown or ash-colored all 
over." Bonaparte, in his " American Ornithology," gives a care- 
ful drawing of a young male, with a crest, and with white patches 
on its wings, — both features wanting in the Brown. Lieutenant 
Gilliss declares, as the result of his observations on the Chilian 
Andes, that the brown kind is a different species. Further proof 
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ifl wanted ; but it is quite probable that another species mnst be 
added to the genus Sarcoramphus. 

The ordinary habitat of the Royal Condor is between the alti- 
tudes of 10,000 and 16,000 feet. The largest seem to make their 
home around the volcano of Cayambi, which stands exactly on the 
equator. In the rainy season they frequently descend to the coasts 
where they may be seen roosthig on trees; on the mountains they 
very rarely perch (for which their feet are poorly fitted), but stand 
on rocks. They are most commonly seen around vertical cli£^ 
where their nests are, and where cattle are most likely to fall. 
Great numbers frequent Antisana, where there is a great* cattle 
estate. Flocks are never seen except around a large carcass. It 
t is often seen singly, soaring at a great height in vast circles. Its 
flight is slow and majestic. Its head is constantly in motion as if 
in search of food below; its mouth is kept open, and its tail spread. 
To rise from the ground, it must needs run for some distance, then 
it flaps its wings three or four times and ascends at a low angle till 
it reaches a considerable elevation, when it seems to make a few 
leisurely strokes, as if to ease its wings, after which it literally sails 
upon the air. In walking, the wings trail on the ground, and the 
head takes a crouching position. It has a very awkward, almost 
painful gait. From its inability to rise without running, a narrow 
pen is suflicient to imprison it. Though a carrion bird, it breathes 
the purest air, spending much of its time soaring three miles above 
the sea. Humboldt saw one fly over Chimborazo. We have 
seen them sailing at least a thousand feet above the crater of 
Pichincha.* 

Its gormandizing power has hardly been overstated. We have 
known a single Condor, not of the largest size, to make way in one 
week with a calf, a sheep, and a dog. It prefers carrion, but will 
sometimes attack live sheep, deer, dogs, etc. The eye and tongue 
are favorite parts, and first devoured ; next the intestines. We 
never heard of one authenticated case of its carrying off children, 
nor of its attacking adults except in defence of its eggs. Yon 
Tschudi says it cannot carry, when flying, a weight of over ten 
pounds. In captivity, it will eat every thing except pork and 
cooked meat. Wh^ frill fed, it is exceedingly stupid, and may 
be caught by the hand; but at other times it is a match for the 
stoutest man. It passes the greater part of the day sleeping, more 

* One of the peaks of Fichincha is called in the Inca language cunturguachana, 
at " Condor's nest." 
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often searching for prey morning and evening than at noon, — - 
yery likely because objects are then more distinctly seen. 

It is seldom shot (though it is not invulnerable as once thought), 
but is generally trapped or lassoed. Prescott, in his ^ Conquest of 
Peru," vol. i. p. 384, speaks of " the great bird of the Andes, — 
the loathsome condor, who, sailing high above the clouds, followed 
with doUfuL criea in the track of the army." But the only noise it 
makes is a hiss like that of a goose. The usual trachial muscles 
are wanting. 

It lays two white eggs, three or four inches long, on an inacces- 
sible ledge. It makes no nest proper, but places a few sticks 
around the eggs. By no amount of bribery could we tempt an 
Indian to search for Condors' eggs ; and Mr. Smith, who had 
hunted many years in the Valley of Quito, was never able to get 
sight of an egg. Incubation occupies about seven weeks, ending 
April or May.* The young are scarcely covered with a dirty white 
down, and they are not able to fly till nearly two years. D'Or- 
bigny says they take the wing in about a month and a half after 
being hatched ; a manifest error. They are as downy as goslings 
until they nearly equal in size a ftill-grown bird. Darwin was told 
they could not fly for a whole year. The whit# ftill at the base of 
the neck, and the white feathers in the wings, do not appear until 
the second plumage, or until after the first general moulting, 
during which time they lie in the caves, and are fed by their elders 
for at least six. months. Previous to this the fiill is of a deep gray 
t)olor (Gilliss says ^ light blue-black"), and the wing-feathers 
brown. 

The head, neck, and front of the breast are bare, indicative of its 
propensity to feed on carrion. The head is elongated, and much 
flattened above. The neck is of unusual size, and in the male the 
skin lies in folds. The nostrils are oval and longitudinal, but in 
the male they are not so much exposed as in the other sex, since 
the caruncle forms an arch over them. The olfactories, however, 
seem to be well developed. Yet the Condor, though it has neither 
the smelling powers of the dog (as proved by Darwin), nor the 
bright eye of the eagle, somehow distinguishes a carcass afar off. 
The color of the eye is variously pven : by Latham, as nut-brown ; 
by Cassell, as purple, and by Bonaparte, as olive-gray; but Gur- 
ney, in his ^Raptorial Birds in the Norwich Museum," states it 
correctly as pale-brown in the male, and carbuncle-red in the 

* In Fatagonis, according to Darwin, much earlier, or about Februazy. 
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female, — a singular difference between the sexes. In young birds 
the color is dark-brown, which changes with change of plumage. 
They are peculiarly elongated, not sunken in the head as the eagle's, 
and very far back, being an inch and a half behind the gape, while 
those of the eagle are directly over it. The bill is shorter and 
weaker than the eagle's, and the decurved tip of the upper mandi- 
ble only one-third as long. The tongue is canaliculate, with ser- 
rated edges, which obviously assists in deglutition, as the head is 
never raised to swallow food. The caruncle and wottle are wanting 
in the female. The downy ruff is more prominent in the male, but 
in neither sex completes a circle. The primaries are black, the third 
and fourth being equal and longest, — a feature wanting in the Old 
"World vultures. The secondaries SLve exteriorly edged with white. 
The tail is of twelve feathers, black and even. Legs feathered to 
the tarsus. Toes united by a small membrane ; the middle one is 
excessively long; the third one comparatively undeveloped, by 
which the foot is rendered less prehensile than that of other Rap- 
tores. Claws blunt, as might be expected from its habit of stand- 
ing on the rocks ; nor are sharp talons wanted, as it seldom seizes 
living prey. The nail of the hind toe is more curved than the 
other three, but far Jess than the talons of the eagle. The female 
Condor is smaller than the male, an unusual circumstance in this 
order, the feminine eagles and hawks being larger than their mates. 

Our knowledge of the habits and economy of the Trochilidas 
is very meagre. The relationship between the genera is not 
clear, and one species is no more typical than another. The only 
well-marked divisions we can discover are those adopted by Gk>uld 
and Gray, — the PhaethomithinsB and Polytminas. The former, 
popularly called '^ Hermits," are dull colored, and frequent the 
dense forests. They are more numerous on the Amazon than the 
other group; and I know of no specimen from the Quito Valley,- 
or from any altitude above 10,000 feet. They usually build long 
purse-like nests of vegetable fibres, covered 'with lichens land lined 
with silk cotton, and hung from the extremities of leaves over 
watercourses. 

The PolytminaB comprise the vast majority of the Humming 
Birds, or nearly nine-tenths. They delight in sunshine, and the 
males generally are remarkable for their brilliant plumage. The 
diversified slope of the Andes are more favorable for their develop- 
ment than the uniform plains. Their headquarters seem to be in 
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New Grenada ; but the precise distribution of the species is not so 
well known as it might be. Near the equator the species are 
nearly stationary ; some, as the OreotrochUus^ are confined to par- 
ticular volcanoes, or an area of a few square miles. There is, there- 
fore, greater need of determining the precise locality of a speci- 
men ; yet, in the best monograph on the Trochilidee (Mr. Gould's)> 
species are assigned to such indefinite regions as Ecuador, Peru, 
etc. But Ecuador ascends from the sea coast to 20,000 feet, and 
is traversed by two Cordilleras and a plateau, making three very 
distinct districts; the faunas of the west slope, the Quito Valley, 
and the Napo Country, being, with less than half a dozen excep- 
tions, entirely separate. Of the four hundred and thirty known 
species of Hummers, twenty-seven are found in and around the Val- 
ley of Quito, thirty-seven on the Pacific slope, and twenty on the 
oriental side of the Andes, — making a total of eighty-four, or 
about one-fifth of the family, within the Republic of Ecuador. The 
paucity of Hummers south of the equator, in comparison with the 
number on or just above the line, has been accounted for by the 
fact that the dry and sterile plains of Peru and the barren pampas 
of La Plata are unsuited to insect, and therefore to Humming Bird, 
life. This cannot be the whole reason ; for there are myriads more 
of insects on the Lower Amazon than on the Andes, yet there are 
not fifteen species east of Egas, or the last 1,500 miles. If the 
wanton destruction of Humming Birds for mere decorative pur- 
poses continues for the next decade as it has during the last, sev- 
eral genera may become utterly extinct. This is evident when we 
consider that many a genus is represented by a single species, 
which species has a very circumscribed habitat, and multiplies 
slowly, producing but two eggs a year ; and that at Nanegal, e. g^ 
a famous locality near Quito, it was possible ten years ago to shoot 
sixteen or eighteen per day, while now it Sa hard to get half a 
dozen. 

Nidification is uniform at the same altitude and latitude. In the 
Valley of Quito it occurs at about the close of the rainy season, or 
April. The nest is built in six days, but one egg is laid before the 
nest is finished. The usual height .of the nest above the ground is 
* six feet. Some, like that of our northern species, are cup-shaped 
and placed in the fork of a branch ; others are hung like a ham- 
mock by threads or spiders' webs to trees or rocks ; while the long- 
tailed Xesbia constructs a purse-shaped nest resembling those of 
the Phsethomithinad on the Amazon. Like the '' hermit" Hum- 

A. A. A. S. VOL. XIX. 34 
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mers of the lowlands, the Purple-eared {PetaaopJiora iolata) alone 
of the Quito species hangs its nest over a stream of water. As 
to the materials of the nest, I have noticed a fact which I cannot 
explain : onr northern Hummer glues lichens all over the outside ; 
so do a number of species in Brazil, Guiana, etc. ; but in the Val- 
ley of Quito, moss is invariably used ; not a particle of lichen 
have we seen on any nest, though lichens abound.* Mr. Gould 
mentions a nest which, being heavier on one side than the other, 
was weighted with a small stone to preserve the equilibrium. A 
few Hummers, as the Qlaucis of the lowlands, lay but a single egg ; 
but the usual number is two, and they are always of a pinkish hue 
when freshly laid. The spotted egg of a species on the Upper 
Amazon, noticed by Edwards, has not been seen by other observ- 
ers. The time of incubation at Quito is twelve days, varying a 
day more or less according to the weather. There is but one brood 
a year, as with T. colubris^ in our Northern States. But in our 
Southern States, and in Brazil, there are generally two. Drapiez 
says ^sometimes four broods," but we conjecture that this is a 
mistake. 

No insessorial bird seeks its food at so great an elevation as the 
Oreotrochilus.^ This has been seen clinging to the volcanic oliffs 
of Chimborazo ; but no other Hmnmer has been observed to alight 
on the ground, for which, in fact, their sharp, hooked nails are ill 
fitted. Of the sixteen genera represented in the Valley of Quito, 
the average length of the bill is three-fourths of an inch ; and the 
most numerous plants are the Compositse, Scrophulariacese, and 
Labiatse. The curved-billed JEutoxerea is usually seen around the 
fuschias or the scales of the palms, seeking for spiders. The Oreo- 
trochilus feeds its young by bringing them flowers of the myrtle ; 
then throwing them away, it goes for more. As Bates has said, 
Hummers '^do not proceed in that methodical manner which bees 
follow, taking the flowers seriatim^ but skip about from one part 
of the tree to another in the most capricious way." No other ver- 
tebrate has a tubular tongue, an organ adapted for gathering both 
insects and honey, t No other family of birds contsdns so many 

* A similar variation is seen in the nests of the chimnej-swallows : our spe- 
cies {Chcetura pelasgia) builds of twigs glued together with saliva; while its 
Quito representative ( C. rvtila) builds of mud and moss. 

t We have seen flies on Pichincha at the height of nearly 16,000 feet^ 
X Br. Crisp contends that the bifid portion of the tongue is not hollow, but is 
composed of solid cartilaginous material. The same anatomist also asserts, in 
opposition to the opinion of Professor Owen, that the bones of the Hummer, like 
those of the swallow, do not contain air. 
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species ; nor has any other group such varied forms of bill, — - com- 
pare the short bill of the Hamphomicrany one-third of an inch, and 
the six-inch bill of the Docimastes; the bill of the MUoxeres, bent 
downward into a semicircle, and that of the Avocettfula^ taming 
upwards. To an unequalled splendor of plumage, — resembling 
laminsB of topaz and emerald, — Nature has not added the gift of 
song. Its ordinary cry is a shrill chirikj uttered by the males in 
their petty quarrels. The ^'warbles'' ascribed to the MeUisuga 
and Oreotrochitua need, to be heard again to be credited. 



5. On the Relations of the Ordebs of Mammals. By 
Theodore Gill, of Washington, D. C. 

(Abstract) 

In order to render at once appreciable the course which I have 
followed in my studies, I would enunciate the guiding principles by 
which I have been influenced. These were five : — 

Ist, Morphology is the only safe guide to the natural classifica- 
tion of organized beings ; teleology, or physiological adaptation, 
the most unsafe and conducing to the most unnatural approxima- 
tions. 

2d, The affinities of such organisms are only determinable by 
the sum of their agreements in morphological characteristics, and 
not by the modifications of any single organ. 

3d, The animals and plants of the present epoch are the deriv- 
atives, with modification of antecedent forms to an unlimited 
extent. 

4th, An arrangement of organized beings in any single series is, 
therefore, impossible ; and the system of sequences adopted by 
genealo^ts may be applied to the sequence of the groups of 
natural objects. 

5th, In the appreciations of the value of groups, the founder of 
modem taxonomy (Linn»us) must be followed, subject to such 
deviations as our increased knowledge of structure necessitates. 

The adoption of such principles compels us to reject such sys- 
tems as are based solely on modifications of the brain, those of the 
placenta, and those of the organs of progression, such modifier- 



268 B. NATinUIi HISTORY. 

tions not being coincident with corresponding modifications of 
other organs, and therefore not the expressions of the sum of 
agreements m structure. 

Commencing with the highest forms of Mammals, we have, by 
universal consent, the Primates. This Linnsean order, purged of 
the Chiroptera referred to it by its founder, includes man, the mon- 
keys, and the lemurs, with their respective allies. It is divisible 
into two suborders, the Anthropoidea and the Lemuroidea. 

The subjects of the next highest group are not so universally 
recognized ; but the FersB, or Camivora, on account of the nature 
of the skeleton, the development of the brain, and the organs for 
the perpetuation of their kind, seem to be most entitled to that 
rank. This order seems to embrace as suborders the ordinary gres- 
sorial Camivora (Fissipedia) and the Pinnipedia, or Seals, Wal- 
rus, etc. 

An extinct type — the Zeuglodontes — is related on the one 
hand to the Seals, and on the other to the toothed Cetaceans. 
The relation with the latter is, however, the most intimate ; and it 
may be combined with them and the whale-bone whales into one 
order, — the Cete, — of which eafeh form represents a suborder. 
The relations of the order with the FeraB is only masked by the 
extreme teleological modifications. 

As derivatives from the same primitive stem as the Fer^, the 
Insectivora may be placed next in order. The affinity of the Chi- 
roptera to that order is now universally recognized, notwithstand- 
ing the extreme teleological modification of its anterior members. 
The TJngulata are probably the derivatives from the same com- 
mon stock as the Ferse ; the development of the brain, organs of 
generation, etc., indicate their comparatively high rank. Next 
may be placed the Glires or Rodents, and, last of the Placental 
Mammals, the Edentata, the structure of the skeleton and espe- 
cially of the skull, the organs of generation, etc., appearing to 
indicate, with sufficient distinctness, that thus degraded are their 
rank. 

The relations of the subclass Didelphia with its single order 
Marsupialia, and of the subclass Omithodelphia with another 
unique order, Monotremata, are now recognized beyond dispute. 

Resuming now the consideration of the sequent by linear 
series, we may approach, by normally specialized forms, the more 
generalized of each series ; and thence, in such cases as are neces- 
sary, diverge in another direction to the abnormally specialized. 
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We would then have Bomething like the series thus represented on 
the blackboard (some suborders being omitted), the index hands 
representing the respective nature and direction of the groups. 

SUBCLASS MONODELPHIA. 

I. — FBIMATE SERIES. 

Order Pkdcates. 
Saborder ArUhropoidea, Suborder Lemuroidea. 

n. — FERAL SERIES. 

Order Ferm. 
Suborder Fiasipedia. JSk - BT Saborder Pinfitp«(2ia. 

Order Cbtb. 
Saborder Zmglodontes. Saborder Odontocete, Suborder Mystieele. 

in. — INSECTIVOROUS SERIES. 
Order Insechvora. .^ . ^^ Order Chiroftera. 



IV. — UNGULATE SERIES. 

Order Ungulata. 

Suborder Artiodactyla. Saborder Perissodaciyla, 

Order Hyracoidba. JSk Order FROBOsanBA. ^^ Order Sirenia. 



v. — RODENT SERIES. 

Order Glirss. 
Saborder Simplicidentaia, Suborder Duplicidentata. 

VL— EDENTATE SERIES. 



Order Bruta, or Edentata. 

SUBCLASS DIDELPHIA. 
Order Marsupialia. 

SUBCLASS ORNITHODELPmA. 
Order Monotremata. 

Any orders than those admitted seem problematical, and the 
adoption of an order Bimana for man alone — much more a sub- 
class — seems to be opposed by every sound principle of Taxon- 
omy. There is scarcely a proposition in biology more demon- 
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strable than that man is the derivative from the same immediate 
stock as the higher anthropoid apes, and probably after the cuhni- 
nation to nearly the same extent as at present of the diferentia- 
tion of the order into families and subordinate groups. 



6. On the Eably Staqes of Discina. By Edwabd S. Mobse, 

of Salem, Mass. A 

(Abstract). 

Refebbing to his commonieation of last year on the ^ Early 
Stages of Terebratulina," and the evidences then adduced of the 
proofs of the close relations existing between the Brachiopoda and 
the Polyzoa, he said that an examination of the early stages of 
Discina showed the same simple lophophore, sustaining a few cirri, 
the stomach hanging below, and other features in which a resem- 
blance was seen. 

The perivisceral wall is made up of two layers of muscular 4 

fibres, which cross each other, giving the wall a reticulated appear- 
ance. ^ 

While the young shell has an elliptical outline, there is marked 
out a perfectly circular area, indicating that at the outset the em- 
bryo possesses a circular plate above and below. The muscles 
were very large, and occupied a greater portion of the perivisceral 
cavity. The setaB fringing the mantle were very long, those pro- 
jecting from the anterior margin being three times the length of 
the shell. 

These setse were lined with setellaB. 

The mantle margin, the blood lacunae, and the bundles of mus- 
cular fibres to move the setaB were all described. 

He was indebted to Professor A. £. Yerrill for the specimens 
examined. 
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7. On the Obganization of Lingula and Discina. By Ed- 
WABD S. MoBSE, of Salem, Mass. 

As many of the facts were referred to more particularly in his com- 
munication on the ^ Brachiopoda as a Division of the Annelida,'' 
the author would only record some of the more prominent points 
brought out under this head. He confirmed Carl Scraper's view 
regarding the circulation of Lingula ; viz., that by ciliary motion. 
The perivisceral cavity appeared to be in direct communication 
with the lacunsB of the mantle and with the cavity of the peduncle. 
The circulation was voluminous and rapid : no trace of pulsation 
could be detected. The fluid was not blood proper, but chyle- 
aqueous ; and distinct from this was found the little vessel upon 
the dorsal surface of the intestine, as pointed out by Hancock, and 
called by him the heart. 

From repeated examination of the oviducts, he could state posi- 
tively regarding the nature of these organs. The internal mouth 
was plaited and turned towards the sides ; the remaining portion of 
the oviduct was reddish in color, and glandular, and probably per- 
formed a renal function as in similar organs .among the annelids. 

The sexes were separate. The coiled arms had a limited power 
of motion. The coils could be raised or depressed, and the axis of 
the coil could be at right angles to the longitudinal axis of the 
body or parallel to it. 

The contents of the stomach were found in all the lobules of the 
liver, indicating that the food circulated in these hepatic prolonga- 
tions, as in the annelids. Upon young Lingula a perfectly circular 
area could be seen near the beak of the shell : this indicated the 
form of the embryo shell, and coincided with that of Discina. 
The movements of living lAnguUi pyramidatOy upon which these 
o}>servations were made, were described. As they live in the sand 
upright, their peduncle encased in a sand tube, it was interesting 
to notice a modification in their habits when confined in a bowl. 
In a short time alter confinement, they had built new tubes, which 
adhered to the bottom of the bowl through their whole length. 
They would extend from these tubes, or withdraw when alarmed. 
All of the specimens he had brought from North Carolina in May 
were alive at this date, August 19th. They had been confined in 
a small bowl, with a little sand, and the water changed every two 
or three days. This vitality was suggestive, since Lingula had 
existed from the earliest geological ages to the present time. 
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A live specimen was exhibited to the members, with the state- 
ment that he had carried all his living specimens to Eastport, Me., 
and they had there been subjected to the chilling waters of that 
region ; that the specimen he had with him had been brought in a 
little jar containing sea water; and that a bottle of sea water had 
been brought to Troy, so that the water could be changed. 

In describing Discina, he mentioned in detail the muscular, 
alimentary, circulatory, and reproductive systems. The oviducts 
were very conspicuous, and had broad, trumpet-shaped mouths. 
The arteries of Hancock he believed to be nerves, as Professor 
Owen first described them to be. He found them arranged pre- 
cisely as in Lingula, and in Discina had traced them to their ter- 
mination in the posterior occlusor muscles. 

Dr. Gratiolet had also been led to the same conclusions regard- 
ing the nature of these supposed arteries, from a careful study of a 
(Species of Lingula. 



8. The Brachiopoda, a Division of Annelida. By Edward 
S. Morse, of Salem, Mass. 

Reference was first made to the branch of Mollusca, as it was 
understood forty years ago, when, misled by external characters, 
many worms, like Serpula and Spirorbis, and a group of Crustar 
ceans, the Cirripedia, were included with Mollusks, and yet from a 
proper recognition of their characters these diverse forms had been 
eliminated from time to time, and referred to their proper branches. 
After long and carefiil study, Mr. Morse was prepared to state that 
the Brachiopods were true Articulates, and not Mollusks, and that 
their proper place was among the worms, forming a group near 
the tubicolous Annelids. 

He stated that for the past year he had been deeply engaged in 
the study of the Brachiopoda, and more particularly their early 
stages. Beside material from the coast of New England, he had 
had, through the kindness of Professor A. E. Verrill, a large lot of 
Discina from Callao, Peru, belonging to the Yale College Museum. 
From these he had studied their early stages, but, as he had in 
preparation a memoir upon the subject, he would now confine him- 
self to' the considerations that follow. 
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He first spoke of the structure and composition of the Brachio- 
pod shell, and pointed out the relations between the c<B6al prolon- 
gations of the mantle in Terebratula and a similar structure in the 
skin of the worms. He had submitted the shell of Discina to 
chemical tests, and believed it to be chitinous. Gratiolet had 
already given the chemical analysis of lAngvla anatinc^ and found 
forty-two per cent of phosphate of lime, and only six per cent of 
carbonate of lime. The position of the valves of all Brachiopoda 
were dorsal and ventral, and this was a strong articulate character 
to be compared to the dorsal and ventral plates of the Articulates. 
The homy set® that fringe the mantle of Brachiopods was a 
feature entirely absent in the Mollusca, and peculiar to the 
worms. 

The bristles of worms differ from those of other articulate ani- 
mals in having sheaths containing muscular fibre, while in other 
Articulates the hairs were simply tubular prolongations of the 
epidermal layer. In Brachiopods the setae, or bristles, were secreted 
by follicles, imbedded or surrounded by muscular fibres, and were 
moved freely by the animal. In the structure of the setae, he 
found an identity with that of the worms. He then called atten- 
tion to the resemblance between the lophophore of the Brachio- 
pods and a similar structure in the tubicolons worms. In Sabella 
the cephalic collar was split laterally, and a portion of it reflected. 
Let this collar be developed so as to cover the Mnged arms, and a 
representation of the mantle of Brachiopoda woidd be attained. 
The thin and muscular visceral walls suggest similar parts in the 
worms. The circulating system he had not sufiiciently studied, 
though Dr. Oratiolet had stated that in this respect fhere was a 
strong resemblance to the Crustacea. 

In regard to the respiratory system, Burmeister had shown that 
there was a resemblance between the soft folds, or lamellae, de- 
veloped on the internal surface of the mantle of Balanidae, and 
similar features in Lingula ; though the existence of these folds in 
Lingula had been questioned, he would presently show that Yogt 
was right in his observations. In regard to the reproductive 
system, he called attention to the fact that in one group of Cirri- 
peds the ovaries were lodged in the upper surface of the peduncle, 
while in another group the same parts were lodged in the mantle. 
A similar condition existed in the Brachiopods, where in one group 
the mantle holds the ovaries, while in another group they are 
found in the visceral cavity. 

A. A. A. S. VOL. XIX. 35 
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Through Polyzoa also he showed that, in their winter eggs or 
statoblasts, a relation was seen to the ephippia of DaphnisB, and 
the winter eggs of Rotifers. 

Of great importance also, and upon which he laid particular 
weight, were the peculiar oviducts with their trumpet-shaped 
openings so unlike the oviducts of Mollusks, and, as he believed, 
bearing the closest affinity to the oviducts in many of the worms ; 
namely, a pair of tubes, and in one case two pairs, having their 
inner apertures with flaring mouths, suspended in the visceral 
cavity, thus opening a direct communication between the visceral 
fluids and the surrounding media. He then called attention to j 

what little information we had regarding the embryology of the 
Brachiopods. Lacaze-Duthiers had shown that in Thecidium the 
embryo was composed of four segments with eye-spots and other 
strong articulate features. Fritz Miiller had given a description, 
with flgures, of the early stage of Discina, in which we have not 
only little cirri projecting from the shell, but a little appendage re- 
calling the plug or operculum in some of the tubicolous worms. 

Of great importance also was the fact that, in the early stage of 
Discina, Mtiller observed large bristles, and these were moved 
freely by the animal. Smitt had shown that in certain Polyzoa 
(Lepralia) the embryo, besides being furnished with cilia, also sup- 
ported several bristles, or setas, which were locomotive ; and finally, ^ 
in the worms, Claparede and Mecznikow bad figured an embryo 
of Nerine in which barbed bristles were also developed. Mr. Morse 
referred to his conmiunication before the American Association for 
the Advancement of Science on the *' Early Stages of the Brachi- 
opods," in which he had shown the intimate connections existing 
between this group and the Polyzoa. Now Leuckart had already 
seen reasons for placing the Polyzoa with the Annelids ; and he 
would call attention to Cre^na gracilis and Phoronis hippo- 
crepiOy admitted to be worms, or early stages of them, and their 
close resemblance in nearly every point of their structure to the 
hippocrepian Polyzoa. Mr. Morse then stated that, in the evidence 
already given, he had drawn his conclusions fi'om alcoholic speci- 
mens of Terebratula and Discina, and from the papers of Lacaze- ^ 
Duthiers, Claparede, Mecznikow, Hancock, Huxley, Yogt, Hyatt, 
Williams, De Morgan, and others. He felt the importance of first 
examining Lingula in a living condition before making these an- 
nouncements ; and for this reason he had recently visited the coast 
of North Carolina for the express purpose of finding, if possible, 
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the rare LinguHa pyramidala of Stimpson, first discovered by Pro- 
fessor Agassiz in South Carolina. After nearly a week's fruitless 
search he had found it, had studied it alive, and had brought with 
him living examples, which he has the pleasure of exhibiting 
before the Association. 

He would here express his deep sense of gratitude to Dr. Elliott 
Coues, Surgeon U. S. A., at Fort Macon, N. C, and the Com- 
mandant of the Post, Major Joseph Stewart, XJ. S. A., for the con- 
stant aid and sympathy rendered to Dr. A. S. Packard and himself 
during their visit there. He would not enter into a description of 
Lingula, as he had already in preparation a memoir upon the sub- 
ject, but would call attention simply to the additional evidence in 
support of the views advanced. 

Lingula was found in a sand shoal at low-water mark, buried 
just below the surface of the sand. The peduncle was six times 
the length of the shell, and was encased in a sand tube differing in 
no respect from the sand tubes of neighboring annelids. In many 
instances the peduncle was broken in sifting them from the sand, 
yet the wound was quickly repaired, and another sand case was 
formed. 

He observed that Lingula had the power of moving over the 
sand by the sliding motion of the two valves, using at the same 
time the fringes of setaa which swung promptly back and forth like 
a galley of oars, leaving a peculiar track in the sand. In the 
motion of the setaa he noticed the impulse commencing from be- 
hind, and running forward. 

Within the mantle he found a series of rows of prominent 
lamellae in which the blood rapidly circulated, thus confirming the 
correctness of Vogt's observations. These lamellaa were contrac- 
tile, however. 

The peduncle was hollow, and the blood could be seen coursing 
back and forth in its channel. It was distinctly and regularly con- 
stricted or ringed, and presented a remarkably worm-like appear- 
ance. It had layers of circular and longitudinal muscular fibre, 
and coiled itself in numerous fol^ or unwound at frill length. It 
was contractile also, and would quickly jerk the body beneath the 
sand. But the most startling observation in connection with this 
interesting animal was the fact that its blood was red. This was 
strongly marked in the gills and various ramifications of the mantle, 
and in the peduncle. At times the peduncle would become con- 
gested, and then a deep rose blush was markedly distinct. Mr. 
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Morse expressed his gratification in having come to the conclosions 
in regard to the annelidan characters of Brachiopods a long time 
previous to his observations on Lingula. 

He then concluded by stating that the Brachiopods should be 
removed from the MoUusca, and placed with the Articulates 
among the Annelids ; that the Brachiopods came near the tubi- 
colous worms, though they were much more highly cephalized ; 
that they exhibit certain crustacean characters, but were widely 
removed from the Mollusca. 

It was interesting in this connection to note that Gegenbaur, in 
the second edition of his " Outlines of Comparative Anatomy," 
just published, had removed the Polyzoa and Tunicates from the 
Mollusks, and placed them with the Vermes, and that many other 
European naturalists were also demonstrating the worm-like char- 
acters of the Polyzoa. 

He believed the Brachiopods to be a comprehensive type, ex- 
hibiting general articulate features, and forming another example 
of those groups belonging to the past that exhibit the characters 
of two or more classes combined. 

It was interesting in this connection to remark that Lingula, 
one of the earliest forms created, had yet remained the same 
through all ages of the earth's history. 



m. BOTANY. 

1. Thb Law of Fasciation, and its Relation to Sex in 
Plants. By Thomas Meehan, of Germantown, Penn. 

At the last meeting of the Association Dr. Sterry Hunt handed 
me a fasciated branch of JPicea bahameoy in which the branchlets of 
the fascicle presented a very distinct appearance from the normal 
form. In the language of the person who directed Dr. Hunt's at- ^ 

tention to it, " it seemed as if a Norway spruce was being developed 
from the Balsam Fir." From facts I had previously observed and 
embodied in my paper on " Adnation in Coniferae," read at Chicago, 
it was clear that these branchlets did not possess the adnating power 
which I showed in that paper to be characteristic of the highest 
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vigor. The leaves were noi distichous, but scattered around the 
weak stems, terete, and in every respect like those on plants in the 
young seedling state ; and corresponding in this character with 
the free leaves in arbor-vitse, juniper, and similar plants, when the 
branches are forced to grow in shady places, or under other condi- 
tions un&vorable to perfect nutrition. I was astonished at the 
suggestion that fasciation could possibly be a weakness of develop- 
ment, because, though very little has been written about this phe- 
nomenon, all that I have read refers to over-nutrition as the 
probable cause. I believe I can now offer some facts which will 
show that there are two distinct causes of fasciation, — one an 
abundant supply of nutrition, which consolidates together parts 
normally free, as we often see in asparagus, plantains, dandelions, 
and other common things ; the other a weakened flow of vitality, 
which is not able to combine parts together which usually go to 
make up the integrate structure, and which take the form known 
amongst the people generally as " crow's nest branches." 

That the last cause was probable in the case before me I saw, as 
I have already stated. I found several specimens on living trees 
of Balsam Firs near me, similar to the one given to me by Dr. 
Hunt, and watched them frequently. That they were weak de- 
velopments was clear from the fact that they made little more than 
an inch of growth every year; that the leaves, usually of a dark 
green, were of a paler hue ; and that they were destroyed by the 
first frosts of autumn, becoming as deciduous as the larch while the 
regular leaves continued evergreen, and many of the fasciated shoots 
died during the course of the winter. The pale tint was evidence of 
defective nutrition, as it is well known to every practical gardener 
that, when from any cause the fibres of a plant become injured, 
and the free supply of sap from any cause, as by ringing the bark, 
is cut off from the leaves, they become of a pale sickly hue. It was 
also evident, from the inability of the fascicle to keep its leaf green 
and some of its branchlets alive during winter, that vitality was at 
a low stage. 

I examined the fasciated branches on other kinds of trees, and 
found these general results in all ; but in none so well illustrated 
as in a sassafras tree, which had nearly all of its branches in this con- 
dition, one of which I exhibit. Another tree was alongside of it 
quite free from this character. The one with the fasciated branches 
was not nearly so large as the other, although there appeared no 
reason in soil or other circumstances why it should not be. A 
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great number of the branchlets in the fascicles also died out every 
winter. 

I was very anxious to find how these fasciated branches would 
behave in a state of inflorescence, but could not find any case of 
one bearing flowers. At length I discovered them in the common 
blackberry {Mufms viUostts)^ and was pleased to find that they not 
only confirmed the view I had taken of the cause of this kind of 
fasciation, but also furnished, in the most unexpected manner, new 
facts in favor of my theory of last year respecting sex ; namely, 
that the male is the ofi&pring of a declining vitality. These fasci- 
ated branches in Rubus I am inclined to think common, and it will 
be very easy to verify the following facts : — 

In these fasciated branches the number of branchlets varies from 
five to fifteen. The pale tint characteristic of failing nutrition is 
particularly marked ; while the lower leaves die away earlier than 
in those branches on the same cane produced in the regular way. 
That the whole of these leaves will fall first I anticipate, but can- 
not speak from actual knowledge. Here are perfect evidences of 
failure of nutrition, decreased vitality, and fasciation all going 
along together. 

Now, in its relation to sex, I pointed out in my paper on this 
subject, last year, that the flower-bearing parts of plants were weak 
in proportion as they diverged fi-om the feminine condition. In a 
polygamous plant, the pistillate flower is on the stoutest axis ; the 
hermaphrodite, the next ; the male, the weakest. So also in the 
grades of masculine weakness. When the male flowers had their 
stamens reduced to petals, the plant, or axis of the plant, was 
weaker than before ; and when the sepals took on the nature of 
leaves, or the leaves lost their chlorophyllous character and 
simulated petals, vitality was well known to horticulturists to be 
in a weaker state than before. 

Here are the same illustrations. As you see, in this specimen, the 
lower branches, pushing in the usual way, have the regular calyx 
segments ; but, in the upper set of fasciated ones, the segments 
have taken on a leaf-like form, the stamens have increased in size, 
and the pistils, as shown by the great number in the flowers which 
have failed to swell out their ovaries, are proportionately defective. 
A tendency to masculinity is clearly in connection with defective 
nutrition, decreased vitality, and fasciation. 

I saw this, however, still more clearly demonstrated in a field of 
a cultivated variety of blackberry, — the Willson's Early, — on the 
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farm of Mr. Wm. Parry, of Cinnaminson, New Jersey. His son, 
Charles, an intelligent and observing young man, called my atten- 
tion to the fact that wherever these fascicles occurred the flowers 
were nearly double and no fruit followed. I found this to be the 
case so far as the flowers were concerned. In some there were as 
many as twenty petals, and the calycine segments were largely 
foliaceous. There could not be clearer illustrations of masculinity 
and fasciation going along together. 

Returning to fasciations of the " crow's nest " kind, we may 
then safely say that they are bundles of branches formed from 
germs, which, if nutrition had been sufiicient to provide the 
required vitality, would have adnated together, and formed one 
vigorous, united axis, instead o^ as now, each struggling on in its 
own weak way. 

I am aware that this conclusion may conflict with received theo- 
ries as to the formation of axis or stem. It would seem to imply 
that one perfect branch is but a collection of smaller homogeneous 
ones. I sometimes see cases which indicate that this may be so. 
I have here a portion of a cane of Mtibua occiderUalis, At the 
base it is no thicker than the average of other canes ; but near the 
middle of its length it has separated into four smaller canes. It has 
been usual to regard these cases as the result of an early and acci- 
dental union of several points ; but in this case there is no increase 
in bulk, nothing but clear assumption to warrant any such theory. 
On the contrary, every appearance suggests, — not that the union 
of branches is the accident, but that that is the normal condition, 
and that it is the division into the fasciated branchlets which is the 
departure from the rule. 

I do not, however, wish to ask for this suggestion any thing 
more than it may be worth. Others more able than I can better 
interpret the circumstances. The main object I have had in this 
paper is to show that all the circumstances which accompany fasci- 
ation are those connected with a low stage of vitality. On this I 
think there can be no mistake. 

After the reading, Mr. Meehan said, as he had already remarked 
in the paper, illustrations from flowering specimens of fasciated 
branches seemed rare. On the excursion to Albany with the 
Society the day before, he had gathered a specimen of a fasciated 
branch of Atriplex rosea^ which species was growing abundantly 
there. This specimen he exhibited to the meeting, and showed 
that it confirmed all the points previously adduced from Rubus. 
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The regular iDflorescence of this Atriplex was in the order pointed 
out in the general law as developed in his paper on sex of last year ; 
that is, the female flowers were situated in the strongest lines of 
axial vigor, the male flowers occupying the weakest positions on 
the ends of each branchlet ; but in this fasciated Atriplex, all the 
branchlets were of male flowers only, showing that the fasciation 
was the result of a weakening influence. 



2. On Objections to Dabwin's Theoby of Febtelization 
THEOUGH Insect Agency. By Thomas Meehan, of Ger- 
mantown, Penn. 

It often occurs that in the enunciation of new theories the 
authors meet with facts which seem to oppose them, and for a time 
present insurmountable difficulties. But it not unfrequently hap- 
pens that these very objections ultimately prove to aid rather than 
to obstruct the progress of the newly discovered law in popular 
favor. 

Mr. Darwin has shown that in many plants fertilization is carried 
on by means of insect agency ; and he has proved this to be iso im- 
portant a law that, he says, " if the race of Humble Bees were to 
die out, some species of plants would soon become extinct in 
Britain." 

The objection to this is that some plants appear to have their 
sexual organs admirably adapted to the use of these insect agen- 
cies, and yet the bees seem to studiously avoid using them ; and 
again, often where the structure is the best suited to throw the 
pollen on the insect which is to carry it away, there is the least in- 
ducement for bees to make use of the opportunity. 

There is probably no plant which has its organs more beautifully 
adapted to the work of this insect agency than the Salvia. The 
anthers are divided on the filaments, and while one part is ex- 
tended towards the mouth of the corolla, and performs its pollen- 
bearing functions, the other extends down towards the base of the 
corolla tube, and assumes a petaloid form. The divided anther is 
thus balanced on a pivot. The lower petaloid portion so closes 
the mouth of the corolla tube that any insect thrusting its probos- 
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cifi down it must lift the lever, when the polleniferons portion is 
brought down on the insect's back. When it attempts to enter 
another flower, the pistil is usually ezserted ; and the pollen is thus 
brought into exact contact with it. In addition to this, there is 
usually an abundance of sweet liquor at the base of the corolla 
tube; all things tending, as one would suppose, to make the 
illi^tration of insect agency as perfect as possible. But now 
come the objections. In many Salvias, the petaloid prolon- 
gations of the anthers are very poorly developed; and yet 
many of these abound in the honeyed juice. K the bee enters 
them, the chance of its having any pollen thrown on its back is 
comparatively small. At other times the mouth is so completely 
closed that the slightest touch will cause the pollen to fall, but there 
is little sweet to invite bees. J8. Egyptiea is an excellent illustra- 
tion of this.. I am aware that the mere reasoner might say that 
this was a proper arrangement; that with less inducements for 
the presence of insects, the arrangements for making use of them 
when they do come should be more perfect. But against all this 
comes the fact that the bee never enters either class of flowers at 
alL I have watched by the hour, and never saw an insect enter 
that was large enough to make the slightest use of all this beauti- 
fully contrived arrangement for cross-fertilizing flowers. But the 
bees get the honey. They bore a small hole near the base and 
suck the honey through the tube from the outside, without the 
slightest regard to the theories of Darwin. 

I have tried to harmonize these facts with Darwin's, and fEuUng 
have sometimes thought they should weigh against his results; 
but his facts were so direct, so conclusive as far as they went, that 
it was more reasonable to hope something would explain them, 
rather than that there should be a lasting contradiction. This view 
was the more reasonable, as it was a £ict that these Salvias, which 
were thus treated by the bees, seldom perfected seeds. 

I think I can now harmonize these flsusts with the theory, by an 
analogous case with Petunia. Here also the Humble Bees refuse 
to draw the honey up through the tube. I have seen an occap 
sional one, evidently a greenhorn, attempt it ; but after trying three 
or four, it would fly away from the whole bed frill of flowers, in dis- 
gust. The more experienced fellows make a slit in the base of the 
tube, through which they get the honey. By examining Petunia 
flowers with a lens, these slits can be readily seen, or still better to 
watch the insect in the very act. Here was another puzzle. A laige 

A. ▲.▲.&. V0L.ZIZ. 36 
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bed under my office-window afforded an opportunity to see them 
every day. No insect that I could ever see assisting fertilization 
in any way, and the viscid nature of all the parts very much 
against any self-acting power. It was a worse case than the 
Salvia, because the Petunia is always highly productive of seeds. 

But at length the mystery was explained. Though no insect but 
the Humble Bee visited the flowers by day, they were thronged by 
moths at night. These were the insects through whose agency the 
fertilization of these flowers is carried on. 

I have thought that this account of the way the Petunia is fer- 
tilized may not only be a novel fact to many here, but convey a 
very useful lesson applicable to many things, — to theories of my 
own, as well as to Mr. Darwin's. No doubt the seeming difficul- 
ties of the Salvia could be settled as satis&ctorily as this of Petu- 
nia, if one could be in a position to watch for the &cts. Possibly, 
in the countries where Salvias abound, insects peculiarly adapted 
to operate on the Darwinian method exist, which choose their own 
time and way of doing it. 

The Petunia, we certainly see, relies on the night moth, and 
not on the Humble Bee. They use their proboscis to extract the 
honey, and thus fertilize the other flowers. Here, at least, though 
at first in opposition, the facts wonderfully confirm Darwin's ; and 
it seems a great point guned in the harmony of apparently con- 
flictmg facts. 



V 

3. On Two Classes of Malb Flowebs in Castanea, and 
THE Influence of Nutbition on Sex. By Thomas Mbe- 
HAN, of Germantown, Penn. 

In my paper on the ^ Laws of Sex in Plants," which I read to the 
Association last year, I gave some account of a few of the leading 
fiicts I had observed, which seemed to indicate that a higher degree 
of vigor or vital force was necessary to produce the female than the 
male sex in plants. I have not met with one fact which has sug^ 
gested any other conclusion ; nor have I heard any fact suggested 
by others which could lead to any other opinion. Wherever there 
has been any change in the sexual relations, the male flowers or 
organs are invariably associated with declining vigor ; while only 
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in those parts of plants most &yorabl6 to the highest state of 
vitality are the female flowers most nmnerons or generally found. 
This theory is so capable of easy demonstration by any one who 
will personally examine the first monoecious tree or plant he meets, 
that I feel sure nothing further will be needed from me to sustain 
it. I propose now to go a step further in the endeavor to ascer- 
tain the exact laws of nutrition by which we may control these 
sex-producing forces respectively. 

I have here some specimens of Castanea Americana^ our com- 
mon sweet chestnut) as my first contribution to this class of facts. 

But first I would call attention to the &ct that there are two 
classes of male flowers in this tree. It is scarcely possible that 
this should have escaped the eyes of other observers, but I find no 
reference to it in botanical works. One class of male flowers 
comes out from the axils on half-starved shoots ; the other class 
terminates the strong vigorous shoots which bear the female blos- 
soms. Those of the former class have their flowers set densely 
on the rachis ; on the latter they are somewhat scattered, and do 
not open until a week or ten days after the latter. The numerous 
flowers we see on the chestnut-trees are of the former class, and 
generally have mostly &llen before those associated with the 
female flower open. I think it likely that one of these classes 
does not perform the usual fertilizing functions, but could not 
satisfy myself positively. The interest for us here is to note the 
antagonism, so to say, between the male and female blossoms. 
The comparatively weak spikes show that they were formed only 
after the female flowers had received matter enough for their per- 
fect development. Only the surplus matter goes to form the male 
flower at the apex. This is better shown by the fact that often 
there is no prolongation beyond the female flower ; no male blos- 
soms. At other times only a few, — never, as we have seen, the 
number which appears on those spikes which are wholly masculine 
in their nature. 

In regard to the influence of nutrition on sex, the specimen I 
exhibit is from a tree at least forty feet high and six feet in circum- 
ference. It is on my ground ; stands out by itself, and has borne 
fruit regularly, and in good crops annually. This year the leaves 
are all streaked with yellow, as in this specimen. 

Horticulturists well know that this appearance pn the leaves of 
plants arises from an interruption of the nutritive functions. K a 
branch be partially ringed to produce frnitfulness, or if the roots be 
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injured in transplanting, or rotted by an ovet^nppJy of water, a 
yellow tint to the foliage is the invariable consequence. In some 
way, then, this chestnut-tree has, this season, met with some check 
to its nutiitiye system, — received a blow to its vitality, which has 
resulted in this yellow-tinted leaf. The effect of this on the sex 
is, that, though thousands of male flowers are produced, there is 
not one female flower, one young chestnut^ on the whole tree that 
I can flnd. 

I think this instance satisfactory, as far as it goes, that defective 
nutrition is one of the agents which operates on these laws of 
vitality that govern the sexes. 

I am firequently struck with the &ct that the tendency of my 
observations is in opposition to recognized laws of some branch of 
science related to the circumstance I speak about. 

This paper affords a case of this kind. I know that ^embry- 
ology teaches us that arrest of development shows itself first in the 
absence of those parts that have arisen latest in the course of evo- 
lution ; that, if defect of nutrition causes an earlier arrest^ parts 
that are of more ancient origin abort ; and that the part alone pro- 
duced, when the supply of materials fails near the outset, is the 
primordial part." * But supposing that nature must, of necessity, 
have given the priority of evolution to the female, or reproductive 
principle, without which the male element would be superfluous, 
we have in the case of this chestnut the more recent, instead of 
the latest, organ abort with the failure of nutrition. It is not for 
me to reconcile these contradictions. My province is the humbler 
part, -— merely to record the facts I see. 

Here these &ots are that the female flowen are in the strongest 
lines of nutrition ; and that, with the failure of nutrition, the 
female organs are the first to disappear. 

* Herbert Spencer, "FlixuapleB of Biology," p. 70. 



BOTAjrr. 285 



4. Obsbbyationb on SBBBLnra Compass Plants (SiLPHinH 
Laciniatum). By Thomas Hnx, of Waltham, Mass. 

GsNXBAii Benjamin Alyobd first described the Compass Plant 
to the learned men at Cambridge ; and the poet Longfellow, who 
was among the most interested of the listeners, soon after intro- 
trodnced it, in his ^ Evangeline," to the civilized world. In 1848, 
General Alvord called the attention of this Association to the 
plant. In 1863 I measured the bearing of abont one hundred 
leaves in a group of plants near Chicago ; and the measurements, 
published in ^'Silliman!sL Journal," showed that the radical leaves 
of young plants gave the meridian with great accuracy. 

In June, 1869, 1 was going, on a darkj rainy day, from Omaha to 
Chicago, and amused myself by estimating the bearing of the 
track, from the leaves of Silphium in the prairie, as we jpassed at 
full speed. Three times in the course of the day, the patches of 
plants were near mile-posts; and I made a memorandum of the 
estimated bearing at those posts as 85°, 75^, and 90°. In Chicago, 
I obtained, by the kindness of officers of the Chicago and North- 
western Railroad, opportunity to measure the bearings on detailed 
maps, and found them to be, at those points, 31°, 78°, and 90°. 

In October, 1869, being detained by an accident at Tama, on 
the same road, I gathered seed. The plant is a very sparse bearer ; 
and, after long labor in the frosted prairie, I obtained only twenty 
or twenty-five sound seeds. From these I raised in June, of the 
present year, about a dozen seedlings. 

The radical leaves are entire, lanceolate, long petioled, and ver- 
tical ; and begin when about eight or ten centimetres in height (my 
tallest are now about twice as high) to turn toward the meridian, 
twisting the petiole in its whole length as they do so. 

I give a table of the direction of each leaf, and exhibit a dia- 
gram of the direction of those leaves which, being old enough to 
havobeen measured three times, escaped drouth and insects. Ten 
of the fourteen thus measured exhibit very decided polarity. 

The dry weather has been un&vorable for the experiments )>y 
which I hope in a more fi&vorable summer, hereafter, to show the 
causes of this phenomenon, and of its non-appearance in some 
plants and places. For its perfection it needs rapid growth, and 
an unbroken horizon. 
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Each horizontal line in the following table gives the record of 
position of a single lea^ so that the table furnishes a partial record 
of twenty-two leaves. 



OrigliiAl Podtloii. 

• 


JnlyU. 


JQ]J16. 


AogiiftlS. 


72 E. 


72 W. 


66 W. 


66 W. 


TOE. 


1 W. 


2 W. 


•1 W. 


71 E. 


2 W. 


17 W. 


2 W. 


4 W. 


1 W. 


1 B. 


7 E. 


80 E. 


10 E. 


2 E. 


2 W. 


80 E. 


76 W. 


70 W. 


70 W. 


27 E. 


4 W. 


2 W. 


Dead. 


27 E. 


low. 


1 E. 


« 


61 E. 


61 E. 


60 E. 


66 E. 


61 E. 


2 W. 


4E. 


2E. 


80 E. 


80 E. 


70 E. 


70 E. 


20 E. 


16 W. 


11 W. 


7 W. 


89 E. 


26 W. 


10 W. 


6 W. 


1 W. 


21 W. 


Dead. 


Dead. 


1 W. 


18 W. 


« 


« 


20 E. 


16 W. 


16 W. 


« 


89 E. 


6 W. 


Dead. 


C( 


18 W. 


Broken. 


c< 


« 


Unoertain. 


Not up. 


Not np. 


1 E. 


« 


<« 


(( 


7 W. 


« 


a 


«f 


2 E. 


a 


«t 


f< 


16 E. 



> 
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6. Inyestioatioks ok the DEYBLOFMBirr OF THB Yeast, ob 
Ztmotio Fukgus. By Theodobe Hilqabd, of St. Louis, 
Missouri. 

1. Morphological Deodopment of the Teaat Fungus. 

The subject-material of the following monograph is, for the 
greater part, as yet but very imperfectly understood in this con- 
nection, on account of its microscopic complexity, evanescent 
minuteness, and the consequent difficulty of its perfect identifi- 
cation in its various phases, which is obtainable only by a con- 
nected experimental investigation. The latter having been inci- 
dentally conducted by me through about fifteen years (so &r as 
swamp, well, and river waters are concerned), and also latterly 
more systematically explored, it was deemed advisable to refer the 
detailed description of so much ^ punctilious" diagnostic detail to 
a plate ; with a view to rendering the reader and the practical 
microscopist somewhat familiar with the important object whose 
intense action, both in a beneficent and injurious sense, cannot be 
overrated. Its morphic processes, however, remain almost entirely 
unknown to the public ; although its functions have largely served 
to ^ typify " the mysterious agencies of malarious and contagious 
diseases. That type of action, however, has lately been made 
responsible for morbid processes exclusively, and in this sense been 
also exclusively referred to some hypothetical, invading, extra? 
neous, and independent parasites. It typifies no less, however, 
all the healthy specific functions, whether digestive, assimilative, 
or secretive, as manifested in the entire living kingdom, and 
whereof it actually furnishes the best eaposS itsel£ Partly also 
has the peculiar and *^ specific" agency proper of this fungus been 
misinterpreted for that of other hypothetical ones never yet dis- 
tinctively and comparatively brought forward; and partly do the 
demonstrable ones, which like the ** Muscardine " act as specific 
zymotic parasites, only serve to enhance by analogy the all-im- 
portance of the true Yeast, or Zymotic Fungus. 

Mi^l>lancUion of PUxte. — The successive figures represent a series 
of experimental developments in continuity, illustrating the spe- 
cific unity of all the common forms of mould and yeast as well as 
of all putrid decomposition. 

The adult forms, Mucor-heads, or seed-vessels, are represented 
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along the upper mar^ ; the scntns and original mycelia, with 



pendlled florition (penicillium fflaucum) along the lower; aeg- 
mented forma {oidium,* toruia, etc.), on Mther side. 

• Nune derived from oll^, to »i«U. The Greek verb no donbt U itoelf com- 
pounded of 'OSi', an fgg, and of rf**, to '■'gptf, •«, or rttenbie. 

It would be " etrryiag owU to Atheiw," if w« would Attempt to ittpfCTed* 
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The centre represents (around 8) the vibrionic, truly, fermentive 
element, enacting the lactic, alcoholic, and cadaverous fermenta- 
tions and afterwards generating the ^< yeast-cells " (below 8), from 
which these elements are again disgorged when opportunity is 
given. Old, crusty, and macerated fragments redissolving into 
the naked vibratile molecules, or fermentic vibrios (above 8). 
The latter (to the left), by lengthwise inosculation, are seen to con- 
nect singly, or by pairs and strings, into the delicate, naked, vibri- 
onic single-file threads (^ serpents," or ^ leptothriz ") forming short 
weltering curves (" chumers ") and long, revolving, * archimedean 
spirals," with ^ spinning butt-ends." Next, becoming coated, they 
are seen either directly elongated into the fibres of the water-pest 
(leptomitus, below), or else, as in all fermentible fruit juices and 
mashes, they are seen dropsically enlarged and varicose. Becom- 
ing figure 8-8haped or ^^waisted" at the joints, the latter ram- 
ify into irregular, secondary, tertiary, etc., jointlets in figure 
rather resembling the <^ fingered yeast" pencils: (below the lepto- 
mitus, and between 9 and 13), only more rounded, and altogether 
stemless, somewhat like ramified potatoes. Separating at the 
joints, the now so-called hormisciumy or necklace-yeast, dissolves 
into the firee-beaded, globular yeast, or cfyptococ€%c8y such as beer 
yeast. The latter form then, through several generations, repeats 
itself by spicular prolapse. Fine spicular darts appear, erect on 
end, in various places at the circumference ; and, rapidly swelling, 
represent smaller cocoon-shaped eells, which swell and round 
again, while the old cell-coat substantially dissolves by maceration, 
the contents having priorily passed into the spicule.* Fig. 11 
represents the yeast-cell elongated into a mycelium, which readily 
segments into cylindric fragments (oidium kictis)^ while at tho 
same time rearing its penciUed floritions and mucorine seed-vessels 
on one identical fibre with the ^ oidium." Some submerged pencils, 
and also some turgid segments (pseuda-^ Zoogloea "), are seen emit- 
ting coated bacteria which reproduce the finest ^ leptomitus" fibre. 

the rlamical oomponnd, by forging a modem one like ''Oidium" (with the 
trema). The handbooks use the antique form. 

* The spicuisd are at first only recognizable in their long diameter of about 
1-400 line, before the cross diameter becomes distinctly appreciable. It thus re- 
sembles an incipient crack in the surface of glass. In consideration of appar- 
ently analogous transformations, arising out of the porreoted vibratory flagel- 
lum of moss-spawns ("Euglena"), it might be suggested that the spiculsB are 
the exserted '*yibratile cilia/' or, rather, the flagellum of the intra-cellular 
Tibrios. 

A. A. A. S. VOL. XDC. 37 
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(The latter, as *' leptomitos lacteas," again dissects into globular 
individual molecular germs 1-2000 line diameter). 

Fig. 1. — Derived from rotten cabbage. A single crescented 
roll (Jusidium, or " Pusisporium," "Fusarium" ** Njemaspora," 
"Menispora," etc., etc.), bearing, on one unbroken fibre, the cres- 
centiferous seed-vessels ("Mucor fusiger"); crescentiferous pedi- 
cels; short spawning-clubs ("Hemicyphe"? " Azygites "), with a 
dissective frizzle of " flying spawns " (" sporidia," De Bary. Comp. 
also figs. 7, and 12, below the number) ; and the antennate mildew 
(oidium monilioides)^ different from the blight on JPoa pratensia 
(the "blue grass" of farmers). A piece of its blighted blade, 
kept wet imder the microscope, exhibited the rusty speck (from 
which its "oidium monilioides" emanated) pushing strong fibres 
upon the glass slips ; the former bearing, in one uninterrupted con- 
tinuity, on one unbroken fibre, its own antennate mildew, to- 
gether with a fingered yeast (fig. 13, to the left) and pupiform 
spores (fig. 7 ; also fig. 15, upper comer). The latter, when mas- 
sively produced in fall, are called "Gton. Phragmidium " ; on 
cabbages, mouldy herbaria, tea, or frmgi, "Gen. Cladosporium," 
" Septosporium," etc. ; on wheat-rust, tdeutoaporea^ De Bary. 

Pig. 2. — A bead of the antennate mildew, taken from the pre- 
ceding specimen, and germinated upon apple-peel. Besides repeat^ 
ing the antennate mildew, its stem also produces, on the same 
unbroken fibre, the characteristic penidMum glaucumy etc., or blue 
mould of fruits and wines ; differing only in form, not in species, 
from the blue mould of bread, peach preserves, and peach gum, * 
viz., the CLspergUkba glatectcsy etc., represented in fig. 10. 

Pig. 3. — Limpid fermentic juice, profluent from spontaneously 
dissolving fibre of same. Develops naked " vibrios," coated " bac- 
teria," and a compact hyaline gelatine of yeast-molecules. Some 
rather bulky tissues thus deliquesce into a mere faint traiL 

Fig. 4. — Same as in fig.l; from cracks of crockery enamel. 
The "germinal log-chains" (of bi-nuclear cells) are bred out of 
fresh penicillian beads. Its older pencil beads turn of a tourma- 
Ime color. The whole production is at last uniformly diffluent 
into a crimson jam, or "blood-in-bread." The old wheel-and- 
axle-shaped beads, when sown, on human saliva, within twelve 
hours produced — 

Pig. 6. — Avery stout mycelium; roughish-looldng and "me- 
dullary dotted," with actively circulating (intra-cellular enclosed) 
vibrios. Rapidly multiplies by globular cross-segmentation, con- 
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tinuing same calibre. Dissecting rolls ('^Oidlam''), stalks, and 
crescents (^' Fusidium ") produced on same unbroken and unsep- 
tated fibre, together with its seed-vessel, or " Mucor." The latter 
partly transuding its spores, in this case, which adhere to the sur- 
fii.ce (** Gen. Periconia"). Near fig. 9 : same development, but with 
smooth fibre; obtained fi-om indistinct dot on matutinal saliva. 
The mycelium is very much foreshortened in the representation. 

Fig. 6. — Crescental roll of same (also of fig. 1), developing into 
clusters of stemless seed-vessels (comp., in fig. 11, the erect files). 
Also found in the gray, slimy coats of wet cellar-walls ; the viscid 
spawns erumpent in brown pimples, while the mycelium represents 
a ^'leptomitus'' coat, its fibres topped off with slender crescents 
(" NaBmaspora," "Blennoria," etc.), 

*< Fig. 7. — Dark, leathery mucor-heads (seed-vessels), as formed 
when exposed to the open air (" Ascophora," " Mucor," etc.) : e. g.^ 
on sweet potatoes ; in black-moulded lemons ; on crout, balsams, 
cream, and also under water. Those exserted above water are 
flaky evanescent and sooty crumbling ; those in very humid locali- 
ties diffluent {^ Hydrophora"). (Compare also figs. 5, 9, 12, and 

14). 
Varied germination of globular, sooty seed (smut, or uredo- 

sporea), discharged firom air-dry, matured seed-vessels of Zymotic 
Fungus. Development, either directly or by moulting, into "pupi- 
form germs" {fdeuiOiipoTeB^ •* septosporium," etc.). The latter 
put forth black, root-like mycelia, which in the water branch into 
strands of water-pest. Others (in damp spots, etc.) develop a 
^ spawning fiizzle," detaching dustlike ^ sporidia," De Bary. Others, 
efiete and macerating, like all old debris of the Zymotic Fungus, 
bodily dissolve into their own vibrionic spawns, in which condi- 
tion they remain unchanged for years together, as, e. ^., was 
the case with the mycoderm and leptomitus of old wine-casks, 
filled with Mississippi water, and that of the latter itself. The 
original liquid and luxuriant mycoderm remained unaltered for a 
period of three years, when the corked glass tube, which the water 
filled three-fourths of its height, was accidentally broken. Myco- 
derm after mycoderm, blooming with the peniciUium glaucumj was 
produced at the surface, and then, breaking down, settled at the 
bottom to the height of one-half of an inch, layer upon layer, no 
further change occurring after the last one had sunk, and the 
water being left clear above, and void of taste or smell. 

Fig. 8. — Simple, naked, fermentic sarcode vibrios ; of a globular 
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shape, about ^-^ line or less in diameter; with a ribratory organ, 
not distinctly discernible, but causing a saltatory motion, or jerks, 
often tenfold their own diameter. Frequent experiments have 
satisfied me that without the presence of any other (cell or sar- 
code) development, they are by themselves sufficient to enact the 
entire alcoholic, lactic, and putrid (cadaverous) fermentation, or 
decomposition, without aid from other organs. 

Judging from Liebig's analysis of the active ingredient of the 
^ yeast" cells, the stoichiometric constitution of the vibrionicsar- 
code is to a nicety identical with that of the ^muscular fibre" 
proper. In the progress of decomposition, the fibrine of the 
muscle seems to ^* dissolve," as it were, substantially, into these 
naked sarcode molecules,* which, however, on meat find no mate- 
rial for forming into cells,- or so-oalled " yeast," for want of cellu- 
lose. They are, however, the true active prindple, and de facto 
actuaUy constitute the ferment of the yeast. 

The vibrios speedily then arrange into single file threads, by 
lon^tudinal coaptation, or *' inosculation" (different from the so- 
called ^copulation of cells," there being no cell-membrane). 
When thus falling into ranks, the terminal vibrio at either end re- 
tains its size and action ; while the intermediate ones loose their 
previous diameter, by the disappearance of what had produced a sort 
of ^ halo," surrounding the sarcode molecule proper. It is thus that 
in the process of formation of this single file production, by some 
authors called ^Meptothrix," * the existence of a cell-membrane 
has been emphasized by Professor Hallier. This, however, is a mis- 
take. The ** halo " remains so long as there are only a pair ; but 
BO soon as the pair has united with another pair, or sets of pairs, or 
so soon as a longer chain is formed, all the intermediate vibrios 
loose that halo, or &lse ^^cell-membrane," which forms a dim 
vibrating zone around the molecule. 

This process of fidgeting and spinning at the ends, where two 
short sprigs or ^chumers " are engaged, as if in a violent combat, 
twirling ^'head to head," has been frequently mistaken for a 

* This is eridently the first species of the first genus of Ehrenberg's " Infuso- 
ria/' — " Monas Crepuscidum ; hyaline ; appearing to the naked eyes as a whitish 
mass ; spherical, agile, carnivorous ; never exceeding 1-600 millimetre in length. 
Abode, Berlin." See ** Traits Pratique da Microscope, etc., par L. Mandl, et 
Becherches sur TOrganization des Animauz Infiisoires, par C. G. Ehrenberg. 
Paris and London, 1839." All the infinitesimal spawns of dissolving (animal) " in- 
fusorial " yolks of Ciliata are, however, of the same size, and form dense curds, 
or clouds, on the surface of aquaria, etc. 
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cross-divisioii* into smaller parts. Contrary to the supposed 
method, and to that of the well-known seljMivision of cells, these 
sarcode bodies unite and arrange in single file, as properly stated 
by Professor Hallier and others, t The longer coils are often found 
in stinking water, among macerating confervaa, and hare an (often 
very violent) rotary motion.^ They sometimeB acquire as many as 
twelve rounds of coil, and (particularly in the night) are seen 
adhering to the glass slip, becoming " stiU," and exuding a mem- 
brane. These longer, spirally undulate files, or coils, now lengthen 
directly into unbranched single shreds of the ** teptomitus '* (above), 
of whidi they form the inward "life-thread," so to speak. ^ 

The shorter, merely curved ones — ** churning," butting, spinning § 
and as it were delving into the corruptible or fermentible matter, 

* This IB what Ehrenherg (abore) called hit ** twenly-Beyenlh genus : Vtbrio, 
Fana, that of a chain, filiform hy imperfect spontaneous division ; flexible as ser- 
pents;" t. e., archimedean-reyolTing. " First species : Vibrio Li$ieola, Minute cy- 
lindric frustules, a little flexible (curved ?), round at both ends ; joints not verj 
distinct, almost spherical ; water-oolored, 1-800 — ^1-1000 of a line." It would 
have been interesting to leam about their abode, or menstruum (Necessarily a 
liquid). The locality given is " Berlin, Copenhagen, Paris, Ingolstadt, Petro- 
pawlosk, Tobolsk, Tobol," etc. 

t In this state it forms Ehrenberg's " ninth genus : Monade serpent, Ophidomo- 
nas" It consists of one single species, " Monade serpent de I^a, Oph, Jenensis. 
The body spirally twisted, very delicate, obtuse at both ends " (occasionally : 
see Zymotic Agencies below) "of a browniSh-olive color, 1-24 millimetre (long). 
ffab : Ziegenhain, near Jena " (fiuned for its spirally twisted baculi for the stu- 
dent). This term seems to " daim priority " against that of *' leptothrix," and 
is more descriptive. 

II This process of cell'generation by synthens of molecules, has 'its analogy in 
a widely operative (but almost entirely unknown) process of massive co-cemen- 
tation ; as in the case of penidllium tufts enlar^g into periconia forms (fig. 18) 
and Muoor Mucedo; as do the aspergillus forms (fig. 10). Some massive 
sphaeria crusts originate by co-oementation of piled "botrytis" spores (or 
" trichothedum ") etc. 

§ This fact is erroneously denied by Professor Hallier, who doubtless had tor- 
pid '* vipers " to do with. The vibrios become very violently active only at or 
above a temperature of about 16^ C. Below that, they are very apt to remun 
single ; and, sbwly acquiring a confine, or membrane, form into individual glo- 
bules of the true globular (or "cryptocoocos ") yeast ; as, «. g,, with milk turned 
into clabber, etc. 

This motion is more readily observable in the case of colored vibrios, such 
as the orange ones ; e. g., of the well-known blackberry rust. Its vibrios have 
nearly the threefold diameter or twenty to thirty fold the bulk, of the fer- 
mentic ones. They are seen persistently pushing and butting into the chloro- 
phyU of leaves when presented, in a floundering, semi archimedean-motion. 
Their " ophidomonas," or leptothrix-serpent, forms not into spirals, but into 
" fence " like zig-zags. 
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and also vividly swarming about — after a while become likeilrise 
coated, by exuding a very delicate membrane. They now assume 
a sort of dropsical appearance ; and swelling into a varicose-rami- 
fying and dissecting fabric (resembling the ramified and phalan- 
goid foreshortened *' fingered yeast," fig. 13, left end, but for 
being stemless), they now form the so-called '^ hormiscium," or 
necklace yeast. The same, however, is likewise produced (fig. 13) 
by direct development from crumbling pencil strings ; sprouting, in 
contirmo and in loco^ into the same form of necklace yeast. 

The detached hormiscium joints partly repeat sprouting in 
the form of the necklace yeast ; partly remaining single, they round 
into globules, and thus form the true globular beer yeast, or crypto- 
coccus. 

The latter through several generations now multiplies by the 
extrusion of extremely delicate splinters (spiculaB), which again, 
standing on end, rapidly swell into oblong cells. The latter soon 
round of^ and detach themselves ; while the mother-cell appears 
exhausted, collapsed, and macerating. 

The "mycoderm," or mother of vinegar, consists exclusively of 
naked vibrionic files, felted into a dense and homogeneously resist- 
ant tangle. The "chumers" (short " ophiomonads," or "lepto- 
thrix " serpents), however, are here actually imbedded into a hya- 
line, apparently perfectly ^ amorphous" gelatine, which appears to 
form the greater part of the bulk. On its sui^e ^^ small vesicles " 
are afterwards observed, which, however, prove to be separately 
developed and isolated terminal cells, sprung from the vibrionic 
sarcode filaments. They are acutish shuttle-shaped and segmenta- 
tive, and constitute the snow-white scums, or "^ vappa ;" and they 
are supposed to be the agents of acetification. 

Fig. 9. — Pupiform seed, expeUing germinal pellets resembling 
those of fig. 5 ; while at the same time taking root (as ^ Rhizopus 
nigricans," etc.), — black-booted, as it were, — and also sending 
out runners ('^Mucor stolonifer "), seed-stalks (^'Ascophora Mu- 
cedo, Mucor caninus," etc., etc.), and aspergillus stalks (" Asper- 
gillus glaucus ") : the (blue) mould of bread and peach-preserves 
(not that of apples, etc.) In this tri-compound form, uniting the 
"Mucor," the "Piptocephalis," and the "AspergUlus," — thence 
sprouted on one individual root — it is figured as taken from rotten 
tesrleaves. 

At the bulbous top of its stem, resembling a drum-stick, it sends 
forth either the long, diverging bead strings of large ellipisoidal 
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beads of a blue color, which often tarns black (*< Aspergillus 
glaucus ") ; or else it swells into a large mucor-head, which retains 
a similar knob (columella) enclosed at its base (** Mucor "). 

When very succulent, as on preserves, the incipient seed-vessel 
in a juvenile condition is often seen ** transuding " immature spores, 
as it were ; which, being rapidly succeeded by new layers (proba- 
bly on their periphery), often becomes so densely crowded as to 
form a compact mosaic of prismatic cells, concentrically stratified 
around the large knob (" Piptocephalis Freseniana," or " Perico- 
nia sp.") It is a highly important observation in the study of life 
phenomena, that this versatile, ftmdamental form of assimilative 
and digestive catalytic life, as embodied in the Zymotic Fungus, is 
very apt to repeat the form attained, so long as the substance re- 
mains the same. On a decayed body, which has already produced 
the seed vessel, its own seed will reproduce seed-vessel mycelia, on 
the same ground. Add some fruit-juice, or sow it upon intact ftxiit, 
it will first produce the pencil-bearing mycelia ; and its pencil beads 
will reproduce the pencil-bearing form, until the nitrogenous fer- 
mentation is attained, when they form seed-vessel mycelia. It is 
thus that the aspergillus, or radiate drum-stickform, will also repeat 
for a while ; although it strongly inclines to form yellow, stalked, 
or stemless seed-vessels (the original ^ Mucor Mucedo" L.) by 
confluence. The '^pupified," or hibernating, dark-skinned tessel- 
lated cell-packs (^ schizosporangia," Hallier), such as are found 
hibernating in the gum-knolls of peach-trees, etc., converting the 
same into a sort of ^* burnt India-rubber" like mass, sprout into 
extensive annular-beaded mycelia of a dusky color, and on the 
inspissation of the gum, meandering like the snakes of the head 
of Gorgo ; and these meandering, serpentine mycelia, when occa- 
sion offers, directly issue into a crop of the asperffiUua glaiuyus 
form. In rotten apples, however, where the septic mycelium is of 
a similar description, it is only penicilliferous, etc. 

Fig. 10. — The entire "aspergillus" head, — resembling that of 
ecclesiastic service, — seen confluent into a stalked, yellow seed-ves- 
sel, with the remaining blue beads of strings still projecting (also 
called a " Periconia "). Or else, its delapidated, detached strings 
and single beads, becoming more or less confluent by spontaneous 
maceration and combination (a process widely observable in the 
formation of larger fun^, likewise), swell and augment into the 
king's-yellow, kid-like layers of sporangia (" Mucor Mucedo L."), 
which ^rm the cover of mouldy peach-preserves. They are like- 
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wise found originating, in a corresponding manner, directly from 
the ^' mealy-heads " (fig. 13) on apple^preserves, out of penicUHum 
glaucum v. crustaceum. (They have been misnamed " Eurotium.") 

Theae layers of yellow, BtemlesB sporangia, scantUy interlaced 
with roughish meandering fibres (elongated beads), constitnte, no 
doubt, the most massive and indubitably ^ adult form'' of the 
Yeast Fungus. This form directly refers it to the closest relation- 
ship with the ^firothy-smut " cakes of ^thalium and Spumaria, and 
the smut diseases generally. It is also frequently found on the 
honeyed drops of hickory, cut in sap ; on hackberry, likewise ; on 
extract of yalerian and extract of bee^ always preceded by the 
blue (or gray and- blackish) aspergillus; while extract of opii 
moulds with the blue pencil and black-headed mucor-mycelia. 

The seeds of the yellow sporangia are of a watery-yellow color 
themselves, and are found apparently conglobated, in a recent con- 
dition, in packs of eight. 

This is a regular number of spores occurring in the "^ asci," or 
entrail-Uke follicles, which constitute the seminiferous stratum of 
the cupular and nucleolar fun^ (PezizesB and SphsoriaceaB) no less 
than of all the Lichens. 

In the case of the Yeast Fungus, however, these *<asci'' are 
globular, and not stratified, but borne on delicate, ramifying, fibrous 
connections, forming into a mass. In the case of ChsBtomium, — a 
furry nucleolar fungillus, otherwise resembling the yeast-mucor, — 
the slender octosporous asci are doubled up, and thus form a sort 
of transition between the Sphseriaceas and MucedinesB, or ^* smutted " 
fungi. The seed of the yellow yeast-mucor, when brought upon 
intact gumless fruits, there at once forms mycelia, producing the 
blue pencil of vinous fermented substances (such as grapes, rotten 
apples, and lemons.) All these organs are apt to sprout at once 
into fibres, when checked in their onward development. 

Fig. 11. — The lactic fermentation of sweet milk into clabber, as 
well as that of commeal mashes, at a low temperature, is often 
completely enacted without the presence of any other form of 
the yeast-fungus but its naked vibrios and vibrionic ^chumers." 
The incessant action of the latter, which under a four hundred 
magnifying power are barely discernible to a practised eye, cause 
the milk-globules to butt against one another; thereby bringing 
about a so-called ^ molecular^ motion of the latter. At last the 
vibrios, or short churners, appear individually coated, as a direct 
production of the free cryptococcus-yeast, not effected by disseo- 
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tion of the hormiBoiiun, and also distinct from the acetic, shuttle^ 
shaped soum-cells, erroneously called a ^^mycoderm" by recent 
writers on the subject. The dry yeast, when added to a fresh mash, 
is seen to swell, and to discharge mjrriads of single, naked vibrionic 
particles, as correctly stated by Professor E. Hallier; while the 
original membrane macerates into a clear gelatinous substance^ 
entirely dissolving into idbrionio matter ; partly directly, partly 
through assimilation by the omnipresent surrounding living germs. 

Each yeast-globule, like any other molecule of the fungus, 
can directly elongate, or sprout, into a mycelium, whose fibres 
will readily dissect, particularly on substances already gone through 
the lactic fermentation (above) into cylindric joints, — called *' Oi- 
dium lactis," of glossy lustre and of snowy whiteness ; as often 
observable, in summer, on corrupt tomatoes, or mouldy potato 
dishes ; on clabber, curds, cream, and the meagre clabber-cheese 
(Handkaese) of Germany, It first appears on the compact curds 
as a dull yellowish rind of erect ^ oidium " velvet, and in this stage 
the cheese is unhealthy (savoring of mouldy potatoes, etc.). The 
cheese then undergoes a strongly marked alcoholic fermentation, 
and is still unhealthy. It is only after the peculiar ^ cheese-odor' 
becomes marked, that its unhealthy action ceases, and it becomes 
an excellent stomachic and digestive. 

The internal, white substance of the cheese then shows not a 
trace of the ^' oidium-lactis ^ form ; while its brownish, gelatinous, 
semi-liquid rind is substantially composed of the oidium-lactis vege- 
tation. It directly sprouts into peniciUium glaucum^ of the usual 
forms; and its decalvating beadlets again directly enlarge into 
oidium-stubbles. They are also known to produce, directly, the 
beads of beer-yeast ; and in fig. 5 a putrid development of the 
pencil-beads is depicted. 

At last the oidium-cells become diffluent, and not a trace of cell- 
coats remains visible. Of this character th^ perfected, and no 
longer unhealthy, Limburg cheese partakes; and it would be very 
difficult indeed to detect any /* cellulose " there, in any shape 
whatever. 

Aside from the produce of the dairy, sweet or sour wine and the 
daily bread we eat, all preserved greens — such as krout, beans, 
cucumbers, tomatoes, and in fact all pickles — had to undergo a 
preparatory degree of fermentation, fitting it for the human assimi- 
lative economy. In this respect, it is particularly the presence of 
common salt which insures a healthy quality to the fermentio 
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changes to be wrought; limiting the putrid, and accordingly favor- 
ing the purely lactic, alcoholic, and acetic, adaptive changes of 
constitution. Under these circumstances greens will ferment in 
the lactic sense ; but the ^ oidium lactis " is by no means present, 
unless when "decay," through the formation of mycelia — dissect- 
ing into oidium-joints, — is initiated. 

The latter takes place, also, in the normal decay of all human 
stools ; the healthy no less than all diarrhcsic, dysenteric, typhoid, 
choleratic or bilious fseces alike. It also forms on all human slime, 
essentially derived from the lactic and lymphatic system, which 
permeates the entire regenerative fabric. Hence it characterizes 
all effete offal, and abundantly appears, — together with the wine- 
ferment, OTpemciUium glatccum^ — on the putrid decomposition of 
the human body, in all observed cases. 

When arising from the cylindric segmentation, the penicOHum, 
or florition-stage of the fimgus, sometimes forms by actual segmen- 
tation and parallel coaptation of formerly detached segments, in 
testimony of its origin, as also visible, in a corresponding manner, 
on the crescental ramifications in fig. 4, in the log-chain mycelia 
sprung from pencil-beads. Collaterally, however, in both cases, the 
normal, cer^ti^-like embranched pencils arise. 

In very many cases, the submerged oidium, or cylindric^oints, — 
e. g^ when found on decaying confervaB, in old tea or coffee, — are 
frequently seen to enlarge and disgorge their oscillating punctiform 
contents as a mass of bacteria, cohering in slowly advancing, tear- 
like polypoid masses; otherwise closely resembling the (animal) 
••inftisorial'' germinal clouds, but for the great vivacity of the fer- 
mentic bacteria ; wliile the infrisorial dots are but gradually grow- 
ing forwards, as it were, and, when once movable, start off 

A similar polypoid discharge of bacterial slime takes place from 
the macerated bead-pencils, when gradually drawn under water, as 
observable, e. g^ on the mouldy floating islands formed on the same 
decomposing decoctions. The confluent beads, macerating, exude 
a scab (like a floating grain of quartz, as it were), delicate as a 
butterfly's scales, and under whose cover the bacteria disengage, 
and form into comet-like leptomitus-strands. It is this polypoid 
bacterial discharge which Elob (in his ^^ Researches on the Cor- 
ruption of Choleratic Bowel Contents ") has mistaken for " Zoog- 
laeoa Termo^ Cohn. The latter, however, are infusorial yolks. 

The fungine bacteria are single vibrios, each endowed with a 
shuttle-shaped cell-coat, and not growing by mutual inosculation. 
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The spontaneous discharges of deliquescent fibres leave mostly 
the bacterial form behind, as an evanescent trail, spontaneously 
^ dissipated in every direction. The sporangial fibres, particularly, 
j&equently attract juices to a certain spot ; forming a drop, or 
" cystem,'' wherein the bacteria acquire a larger size. This has 
been mistaken for a '^collateral fructification, producing sporan- 
gia," by some writers. Fibres, for want of moisture, will often 
adhere alongside, and there be found deliquescent. 

Fig. 12. — On substances suited to the production of seed-ves- 
sels ; e. g^ on curds or beer-yeast (whence the figure is taken), 
some oidium-joints, acquiring considerable size and punctiform con- 
tents, will sprout a ramified myceUum, bearing mucor-heads (pal- 
lid, grayish, black, or brownish). As with all larger mucor-vessels, 
the stems are at first knobbed like a probe ; and here quite a close 
analogy to the incipient formation of the aspergillus obtains (above). 
The vesicle itself finally contains a similar knob, or columella, and 
was thus defined as ** Mucor clavatus," Link. 

Fig. 12 also exhibits the occasional co-occurrence of the blue 
pencil on mucor-stems, in corUtnuo. Projected in upon the often 
hood-like compressed, empty vesicle, the figure exhibits certain 
serial beads, exserted above water ; which, on crumbling down, 
acquire in the water a thickish rind, and enlarge to a stemless, 
watant mucor-vessel, analogous to fig. 6. 

Fig. 13. — Penicilliferous mycelia of the Teast Fungus. Derived 
firom the shuttle-shaped scum-particles (vappa), which, arising from 
a mycoderm, are supposed to effect the "acetic" fermentation. 
The rather pointed floating fibres, ramifying and fi'equently sep- 
tated, or even dissected, now become studded with the blue pencil 
(right-hand comer; compare also figs. 12, 11, 3 and 4), as found 
on all sour fi-uit (when not too gummose), and forking by almost 
parallel, fascicular-branching " metacarpals," so to speak (as in the 
skeleton of a hand). These are produced sideways, in the man- 
ner of the branches of an erect Cereus (sub-parallel) ; while on 
lactic-fermented substances, the joints apparently separate, and 
adhere lengthwise, and even some of the " crescentiferous trestles" 
(figs. 1 and 4) occasionally turn to pencil-tufts. 

Farthest to the left, we figure the *' fingered-yeast " pencil 
(" JPc. chlarinumy dadoaporioides^" etc.). It is partly directly de- 
veloped on a stem, or the fisiUen bead-strings of a pencil (on a bung 
or a grape-berry) directly developed into it, in situ; their beads 
elongating and ramifying (like the necklace-yeast) into joints of 
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decreasing size (^foreahortened," or in the manner of ^phalan- 
ges")* 

The joints readily swell into the black pnpified spores (^ Clado- 
sporium, Septosporium," etc^ etc. Compare also figs. 7 and 15. 
Similar forms occur in a great many other fungine developments, — 
of Stemonitis, Erysibe, Pnccinia populi, etc). They also produce 
fflngly, as on a pipette — or on whorled, pipette-jointed garlands — 
a chocolate-colored botrytis, which forms the enormous quantities 
of Indian-red dust ; e. g^ on old rotten sweet potatoes. Its globu- 
lar heads crumble into oblong spores, fi*om which springs a slender 
lithe, few-seeded, diffluent mucor, which appears like a dew-drop 
(** Mucor racemosus," ** Hydrophoranetella"). 

In the background we represent a ** pencil-head," -—blue, white, 

* Similar homologons forms frequently occur; e. g,, in the derelopment of 
Stemonitts^ fhysaroides (a line-high, small, pin-head-shaped, chocolate-colored 
eruption on wet pine-boards) ; the previously gelatinous head at first becoming 
" silvered over " with a blue (or amber^yellow) penicillium, quickly oonyerted 
into the fingered-yeast (above) shape ; and then each joint develops often into 
short " pupiform " spores (like in figs. 7, 15), etc. When bred between glass slips, 
its " penicillium " form is produced by an apical whorl of about one-half doien of 
short clavate ** carpals," forming a sort of cupule ; from whieh ascends a fascicle 
of as many cohering files of pencil-beads, — with a great many variations, how- 
ever. 

Again, in the florition-stage of ChsDtominm (the searurchin-like mould-sporangia 
on old fibres), the single pencil-files axe borne, by threes, on simple or temately 
compound, pipetted pedicels, crowded garhmd-like around long cobwebby threads 
(as are the crystals of rock-candy along a thread). The beads here enlarge (as in 
the zymotic aspergillus, fig. 10), and form pearly-hued, shiny, " acinoid " pellets 
(a silvery " botrytis " form. These, after repeated changes, are developed into 
" ChsBtomium." Great care is therefore requisite, in order to discriminate, or to 
identify, the " penicillia " by breedmg round. 

Another pencil-like development forms a grave disease of verbenas, etc., in 
flower-pots, or in boxes in contact with pine-wood percolation (saw-dust of pine, 
etc.), and probably constitutes the severe and destructive disease of the Crocus- 
plantations in Southern Europe. 

A blue mould, like a (blue) white fiK>st'bloom, is seen erumpent out of the 
naked ground, and is composed of scraggy-repent, ramulose garlands of a 
stunted-like aspergillus ; of a blue color, only vexy few (1-6) beaded, and rapidly 
cementing into a botrytis-form. The latter (like our mealy-heads in fig. 18) 
push long filaments of a yellow color, light and large as cobwebs, in secure 
places becoming condensed into a sort of smooth slag, or gravel-like grains (like 
spatteringsfrom firitters) called " Rhizoctonium " (root-killer). The yellow fibre 
or cobwebs, afterwards finely break forth from the same ground and, shape into a 
loose web, confluent into an omelette-like, resupinately eff^ise PhMavaga (or 
similar denomination) of the tetrasporous, agaricine fungi ; which is again, in 
loco, substantially converted into the gravelly rhizoctonium. 
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brown, yellow, black, etc., — aB frequently found on old cheese and 
dry moulded meat, moulded twigs, etc. It is composed of a multi- 
tude of simple pencil-tufts aggregated around the forking point, 
so as to form a globular umbel, much finer-beaded, however, than is 
the aspergillus form, fig. 10. Co-cementing its beadlets, it also 
forms a dusty ** mealy-head," and is also called a ^Periconia." 
Where many pencil-tufts arise in a column (as observable, e. g^ on 
old goose grease, etc.), they aU co-cement into fatty-looking, little 
puff-balls, of small pin-head size. From the dust of the mealy-heads 
spring long fibrils, terminating into partly ramified strings of globu- 
lar, very highly refractive beads, or so-called (fig. 14) " coralline 
bead-strings" (Torula). They are at first clear; and in this con- 
dition become partly highly inflated, sprouting stalked seed-vessels 
(compare fig. 12) ; partly do they segregate into oblique lemon- 
shaped beads, which produce another distant-beaded ^ aspergillus " 
or " penicillium " form (right-hand comer). It often assumes the 
tint of red coral ; and its (disciform) terminal beads are seen to 
sprout a spawning frizzle, such as also represented in figs. 1 and 7. 

Fig. 15. — Represents forms of decay, as found on decaying tea- 
leaves, cabbage, and the charcoal filters of a sugar refinery. Pupi- 
form cells (Cladosporium, Septosporium), are variously produced 
on all final decay of substances. Their blackish mycella are some- 
times developed from antennate mildew (fig. 1, etc.), as some-* 
times from the rusty specks (puccinia) of blue-grass, covered with 
the snowy blight which bears the "pupiform bottles," the "fingered 
yeast," and "oidium monilioides," all on one undivided fibre. 
They also arise from very delicate fibres, acquiring infiated' 
joints in single file. Some produce (on tea-leaves and charcoal- 
filters) a very stout, dissecting fibre (or oidinm), with coral- 
like dissecting and lemon-beaded arbnscular summits. These 
assume a pink (miniate) color, and dilapidate into a most subtle 
molecular powder of the same color, each molecule redeveloping 
(on leaves in fig. 1) into a "frisidlum," or crescent, and fibres 
whose tops detach one or two oblong joints, hanging in a drop ; 
and which also directly assume the fusidium form. 

These " coralline arbuscles " also directly sprout into pupiform 
spores and aspergilli. (See figure.) It is nearly the same in shape 
as the erect, antlered files (of oblique lemon-shaped spores) which 
form the well-known gray rot of peaches {Oidium fructigenum^ 
Torvla fructigena) abundant on all stone-fruit. This form is often 
as destructive to pears and the pear-tree as it is injurious to the 
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peach-tree, whose branches it infects. It also occurs in Europe, in 
the live flower of the Prunus Padus, and of the plum-tree, whose 
fruit it parasitically infects, converting it into empty, pimpled blad- 
ders, called in Germany •* Narren " (fops). As a parasite, nestling 
in the live parts of the tree, it becomes of the highest practical 
importance to be acquainted with its developments. Its continual 
abode and hibernating place is the exuded gum of the wounded 
peach-tree. On the fruit, the parasite develops the gray coral 
mould (" Torulajructigeria^^) J repToducing its own form so long as 
acids, etc., are present, either by sprouting anew directly from the 
fallen bead, or else, extrading, from a stout mycelium, at every cell- 
dissepiment, a girdle of very long, but extremely fine spiculas, which 
rapidly grow into bulky fibres, repeating the •* torula." When the 
contagion extends to the green stalk and branch, the beads extrude 
through their nozzled ends a globule, which readily sprouts into a 
very delicate, snowy, ramified floss, bearing clear botrydium-heads. 
The latter here consist of free "didymous'* or "trichothecium" 
cells ; oval and bipartite by a cross-partition. These copular cells, 
when fallen off" and crumbled, give to the shrivelled peach or plum 
a well-known pinkish color. When alighting on the soaked gum, 
however, within a single night each copular (or '* bipartite ") cell 
increases to a huge size. The developed vibrionic contents make 
each compartment appear as a perfect globe, each crowned with 
one-half of the gelatinous, macerated cell-inembrane, as with a 
skull-cap. The contents and gelatine soon become confluent into 
a lagoon of oscillating, colorless single vibrios, resembling the 
orange vibrios poured forth from the spores of wheat-rust or of the 
red-cedar galls. They now travel in galaxies of myriads upon 
myriads of individual contagious germs, wherever the flowing and 
spattering water carries them, — all over the surface of the tree, 
down to the wounded roots, and impregnating the soil ; while 
those copular spores, which remain embedded upon the gum-knolls, 
by indurating and reviving as serpentine mycelia, perpetuate the 
infection. 

I have seen the same ^ Oidium, or Torula fructigena,'' on pears 
(which abound in gummose substances), and the crusty packs of 
tessellate cells, as of the peach-gum, developed in the liber of the 
infected pear-tree, as found on specimens submitted to me for 
examination. There can be no doubt that on botii the peach and 
pear-tree the disease is identical, and mutually contagious. 

As to the specific nature of this parasite, the development of the 
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Berpentme fibres directly into Aspergillus glaucus (as fonnd on 
bread 'and on peach-preserves) argues the destructive peach-rot to 
belong, likewise, to the series of the Zymotic Fungus. 

Besides the enumerated forms, many others are at present fully 
known as belonging to this vast cycle of ferment developments. 
The cymose crowded *^ tetrasporoits sporangioles^ — well figured 
by De Bary and Woronin * (pseudo-genuR " Melidium ") — are fre- 
quently observed, and also spring as a globular umbel from semi- 
mature vesicles, when kept in damp air. A charming ^' botrytis " 
form (connected with the ^ hydrophora " form of seed-vessels) is 
the Boirytis Fonesii ( ChoetodcidiuTn Fres.^) of repeatedly whorled 
crowns or clouds of (frigadous or) ^ flying spores,'^ each successive 
system of nebular coronets being itself centrally traversed by the 
naked axis, as with a crystal spear, etc. It frirthermore appears that 
all forms quoted under the head of Gen. ** Mucor," ** Ascophora," 
"Hydrophora,'* and "Melidium" (aside from all "Aspergillus" 
and "Penicillium'' forms, etc.) — belong to the same species, or 
the Zymotic Fungus; a "Mucor" by right. 

2. Congeners and Classification of the Yeast JFktngus. 

The decay of the grape on the vine here requires a particular 
notice. All healthy, mature grapes ferment with the fermentic 
frmgus, and mould with a florition form of its penicillium, which 
also rapidly develops into fingered yeast (as on wine-bungs), un- 
til putrid decomposition warrants the development of the (mucor) 
seed-vessels. The " mother of (wine-) vinegar," even when dried 
up and remoistened, produces ascending pencil-tufts, which on the 
ol^er fibres are seen rapidly rounding into "pencil-heads;" the 
latter again condensing into grayish, ashy-looking " mealy-heads " 
(above). The immature, healthy grape-berry, in its turn, sprouts 
into a powerful aspergillus production ; as of bread-mould, etc. 

These are emphatically forms of the common mould, or Yeast 
Fungus. 

As for the diseases parasitically incident to the living grape, 
their development phases remain up to this hour practically 
unstudied, unexplored, and apocryphal. It must here be stated 

* " Beitraege zar Morphologie und Physiologie der Pilze, 2 te Reihe, Frank- 
fUrt a. M. Christian Winter," 1866, pp. y. and Ti.,flg8. 1 and 2, as forma of Mucor 
Mucedo. 

t Ibid., p. li., fig. 11. 
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that, of the two fonna of grape-mould ocoarring in the West, one 
is the " botrytis acinomm '* (too well known to fhngists to admit 
of any ftirther modem synonyms being inflicted), which is widely 
spread through both hemispheres. Its white, oval sporules, adher- 
ing by fours to cruciate top-ends, form together a sort of slender 
grape-stalk with clustering spore-crowds. It differs in shape from 
both the chocolate-colored (pipette-whorled) botrytis of Zymotic 
Fungus (in fig. 18 of our plate), as well as from the " speaivcrown " 
botrytis (" Fonesii*') of same. This, however, by no means neces- 
sarily excludes it Srom the possibility of belonging to the Zymotic 
Fungus developments. 

The well-kno\fn ^^ botrytis acinorum" attacks the stalks and 
leaves of the grape-vine, causing the berry to wilt. The other 
form, of putrid character, is the JPhama uvtcoloy* or "grape- 
comedo," its salve-Uke, seminal contents (compare description of 
fig. 6) being protruded, like the nasal " comedo," by the contrac- 
tion of the superficially innate, globular cyst; otherwise simpler 
than a (stemless) Mucor Mucedo, such as are found (extraneously), 
e. g^ upon peach-preserves. At all events, the phoma is a late 
form; adult, or sub-adult at least, -— later than the "botrytis" 
phases of ftmgi generally,t — and hence might lay clsums to being 
a derivative of the grape-botrytis ; which, however, does not seem 
to occur on the same plant in the same year with the punctured 
rot, or comedo, as far as I have been enabled to ascertain as yet. 

The phoma-spots, when slips containing them were watched 
developing between glass slides, under the microscope put forth 
luxuriant mycelia, whose fibres occasionally condensed into nu- 
cleolar convolutes; while others formed the most luxuriant gar- 
lands of some "botrytis" fi)rm, not clearly recognizable, however, 
on account of the intervening mass of fibres. 

In the " 8y sterna Mycologicum " of Elias Fries, this " I^homa 
uvicola " is missing ; but similar or identical ones are described as 

♦ "Phoma" (plur. phomata), — a "bum," or "scald," — derired from the 
Greek, is of neater gender. " Uricola," — t. e., dweller on grapes, — a Latin mas- 
culine substantive, is added as surname. The apparently feminine form of the 
whole name has given rise to a misunderstanding of its gender. 

t The adult " black-enamel " crust of Spharia effusa on black-oak, etc., is de. 
rived firom " Trichothecium roseum" the botiytis-form of the " red-gum pimple " 
of the branches of the same tree. Another (Indian-red crust) Sphsoria, on 
hickory-hoops, etc., originates directly out of the massive co-cementation of the 
fallen copular spores of a (snow-white) "botrytis" of its own, which itself 
springs firom an antennate or oidium form of its own. 
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occurring on the fallen leaves of willows (" Pfioma salignum ") in 
winter and spring — (thus filling up the season succeeding that of 
the grape-phoma) ; similarly on the aspen or cotton-wood (^ PhO" 
tnapoptdi^y; and his ^^Phoma pustula ; ^^ on ^ &llen oak-leaves ; 
in America likewise;" and ^^Phoma tylarostomutn^ on the 
nether surface (as usual) of leaves of the myrtle and Lardizabale» 
in ChiU » A quite important item we moreover find with his 
** Phoma JUum^ viz., ** found on the living leaves of the bind- 
weed and aspen, and as a parasite (jsic) upon the rust-spots of 
either, and also (* parasitically ') on the Phoma popuU ;^ i.e^ to 
all reasonable intents and purppses, the ultimate product of the 
rust of those leaves (in whose rust-cicatrices I have also found 
them, within the rust-tissues themselves), and also identical with 
Phoma popuU^ — the difTerence being only nominal, occurring 
both on the live and effete foliage, and thus evidently uniting all 
the rust and phoma seasons, and breeding innumerable sources of 
infection the whole year round in one unbroken circle. Attention 
has been called before now to the fact that the ^ barberry-blight " 
(" .^Ecidium JBerberidia ") breeds rust in wheat. The discovery of 
the facts thus construed was made or known in New England, 
and consequently ^legislated upon" for about a century and a 
half. It was, nearly up to this day, hotly contested by the incum- 
bents of chairs or ^* degrees" of botanical science, on the assumed 
ground of ^established" diagnostic conceits. It is owing to the 
experimental labors of Oerstedt and of De Bary, that the micro- 
scopic, developmental proof of this fact, accredited in both hemi- 
spheres by the daily repeated circumstantial evidence among the 
practical farmers, has ultimately been established on an unim- 
peachable basis; gravely committing those ^qualified," govern- 
mental repudiations on the other side of the Atlantic. 

The white ** antennate mildew " (or " oidium monUioidea^'* fig. 1), 
so abundant on blue-grass {Poa pratensis) arises itself from a 
rusty mycelium, within the grass-blade ; whence also, in fall, its 
pupiform phase (^Phragmidium") is produced, as in the case of 
microscopic development, mentioned sub " fig. 1." In its " fingered- 
yeast " productions (ibid., also sub fig. 13) it resembles also those 
of the cotton-wood rust. From this it may be inferred that the 
rust-diseases, when once folly traced, will furnish a parallel to the 
Zymotic Fungus. 

Notwithstanding the excellent experiments of Professor A. de 
Bary, of Jena, the full development of wheat-rust is not yet ascer- 

A. A. A. 8. VOL. XIX. 39 
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tained. I have found a ^'mst" (apparently coinciding, in its 
spores, with the oblong ones of wheatrrost) on all the huge cotton- 
trees {Popuhis (xmadensUt) growing in the American Bottom 
opposite St. Louis. At the period, and mostly on the day, of the 
leaves falling from the tree, the rust, hardly observable on the 
leaf before that time, at once breaks forth on the lower sur&ce in 
enormous quantities, strewing its seed all over the country. I 
think this to be the true nestling place of the wheat-rust; its 
" second crop" of the year after the wheat is harvested. The rust 
appears in all OraminesB in slits, or straight lines, following the 
interspace of veins. Following ^the interspace of veins, if the 
same rust attacks also reticular-veined leaves (as it does attack 
the barberry, and vice versd)^ it must needs break forth in corre- 
sponding dots or marks (not in straight lines), on such netted 
leaves. As far as I have been able to ascertain from old cotton- 
wood leaves, that part of the rust which remains behind in the 
tissue afterwards produces globular sporangia with a circular open- 
ing (resembling an infusorial Arcellanshield), and is at that time 
replete with rust-colored fuaidia (like those in the immature wart^ 
of the red-cedar galls or podiaomajuniperi). 

The famous ^ Oidium Tuckeri " has not yet been found destruc- 
tive in America, so far as I have been able to ascertain. All com- 
mon mildew, particularly that in hot-houses, where roses are raised, 
abound with an oidium mildew, — probably of Erysibe ; perhaps, 
of the Yeast Fungus. 

We are as yet left in the dark as to the nature of that oidium's 
adult stage. I have seen the zymotic mucor scantily present on 
grape-leaves, — not in this form, at least, a destructive disease ; 
but then the ^oidium" or the ^^botrytis acinorum" might belong 
to it. 

The main point appears to be that we never raise a single 
healthy vine, except from the seedling. Not only is every indi- 
vidual plant grown from cuttings with denuded, exposed, and oft^n 
mouldy surfaces, but the entire culture is a morbid one ; forcing 
the plant to do what it naturally of course would not do ; adding 
injury to injury, and forcing an unseasonable second growth of 
sickly thin sprouts, destined to fall a prey to decomposition. We 
actually do not know of any of our varieties, how they would, on 
an average, do if left to shift for themselves without any " surgical 
attentions" bestowed with the pruning-knife. It is thus we know 
of none the true, spontaneous growth; the natural season of 
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blooming; the age of fertility; the immunity and durability of 
the plant ; nor even its average yield, through several years, if 
«^ good enough " was ^' let alone," as the case might be. We all 
commence wrong end foremost (which, in Latin diction, is ^pre- 
posterous "), purporting to ^ alter " the course of nature, before we 
ever knew wherein it naturally consists. Without a knowledge of 
the normal, we cannot construe the special or the exceptional. 

Having thus far specified the structural details of the Yeast 
Fungus, connectedly, and, so far as explored, completely, it remains, 
as for its morphic characteristics, to consider it in the light of (both 
contradistinctive and generalizing) comparison. After having thus 
&r traced the ^intrinsic'' connections^ — as of the species, — we 
may now be qualified to elicit, collatively, its ^ extraneous con- 
nections," or so-called generic ones, and the ^'natural aflinities" of 
this fungus, generaUy speaking. 

Considering first the adult form, — or ^'finoits" whereby we are 
to ^^ recognize" our fungus, — the alleged genera ^Hydrophora, 
Ascophora, Mucor, and Melidium," at least, are (with the excep- 
tion of ^Thelactis") for the greater part identical and truly 
synonymous, or represent various phases of the sporangia and 
^ sporangioles " of the yeast, or common mould itself. ThepsetidO' 
genera ^ Azygites, Syzygites, Eurotiuum," etc., are hibernating or 
spawning sporangia (Dauersporen of De Bary), partly belonging 
to the Yeast Fungus, partly (as on roses) to Erysibe, as below de- 
tailed ; sprouting into " flying spawns." 

Among the species of ^ Mucor," in Fries's Systema, nevertheless, 
we find some which evidently belong neither to the yeast-plant, 
nor to the rest of Mucores. The (Brazilian) oblong-headed ones, 
or ''Thelactis" of Martins, belong in all probability to the 
(older) gen. Phycomyces, Kunz (ibid.), characterized by its ** erect- 
clavate, and apically umbilicate" sporangium. It has been re- 
discovered dhd redescribed as ^ AMya prQUfera^^ Cohn, andby 
Professor Leidy figured as his "Enterobryus." I have myself ex- 
amined this fungus as a contagious disease upon fishes. The 
^fish-pest" was introduced with apparently healthy fishes, taken 
from a St. Louis ^* sink-hole" pond, by drouth reduced into an 
offensive mud-wallow. 

The sink-hole fishes were partly dead, and covered with a dense 
mould, about one-half inch long: part, however, were caught 
moulded alive, and swimming about ; while others had remained 
apparently intact. The latter, when introduced into an aquarium 
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occupied by some hitherto hesilthy Merrimao fishes, not only began 
to mould themselves, at first, all over the body ; but gradually all 
the others perished of the same disease. 

Another true Muoorine genus is evidently *' Pilobolus," distin- 
guished by its fleshy, clavate stem, and globular, apical sporan^um. 
It is found on horsedung. 

As for the alleged genus " Periconia," it actually only implied 
the (adult) thin-coated (unmersed) sporangia *' transuding their 
spores." They, however, are borne on the same branches with the 
smaller, thick-coated ones, or immersed ^ sporangioles." But the 
diagnostic determination also brings under this head, as above 
mentioned, the ^ concentricHStratified " aspergillus (^ Piptocep4ialis 
Freseniana") ; and (by similarity) the "confluent" aspergillus, 
and also the " mealy-head " confluence of the (augmented) globu- 
lar-umbellate penicillium (fig. 13). Moreover, it covers all corre- 
sponding phases of similar or dissimilar fun^ and emphatically 
by its predicates subsumes also the entire genus " Goniocybe " of 
Lichens. 

The same considerations apply to the floritions, or precursory, 
often " pencilled " forms. I have in loco introduced some contra^ 
distinctive descriptions of those of other fungi ; and it may be pro- 
per to add that, according to Bonorden's minute researches, the 
basis of agaricine formations are '^ vast heaps of endless self-repeti- 
tions of (the corresponding) penicillia. The same formation enters 
into the structure of the volva; and it thence passes into the psal- 
tered lamellsB, of which it produces the superficial stratum, in a 
densely connected fashion. Some of the idtimate, terminal beads 
swell to a pyriform shape (like an incipient * Piptocephalis ') by 
the way), and each extrudes the well-known four spores, each erect 
on a pedicel." 

The "genus" Stilbum, likewise resembles, in its origin, the 
aspergillus, and also the genus "Calycium" of Lifihens. It is 
found, e. p., as a line-high, round-headed stubble, with an orange- 
colored stem and dusky, slimy, diffluent head (of erect and slim 
seriated beads), as the last production of some decay on melons. 
The "new genus Antromyces," as figured by Fresenius, evidently 
belongs to this genus. 

In the above case, a (green) melon shows mouldy spots, of a 
pink color. They consist of (pink) crescental spores (as of our 
fig. 1), which, however, are elsewhere of an olivaceous color, being 
borne in great abundance on stout and short snrculous mycelia 
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within the cells, and permeating the entire melon. It afterwar&s 
produces a tea-green, and then foxy-red "botrytis** form; followed 
up, on more exsiccated spots, by the " Stilbum" form. The latter, 
^f not itself an aspergillus, at least forms the transition^ of that 
form to the VibrisseaB, which connect directly with the agaricine 
fungi on one hand, and the cupulate pezizoid ones on the other. 

As for the rest of (apparently adult) relations of the true 
Mucorines, in the first place the immersed, sebiferous sporangia of 
the phoma diseases must be mentioned, inclusive of the antennate 
mildew and the rust contagion. The ^ phoma" corresponds, 
perhaps, to the mucor, or seed-vessel ; the rust^to the serpentine- 
beaded mycelia and fingered yeast ; and the antennate mildews to 
that of the (articulated) oidium forms of the yeast-mould. 

Closely allied to the ^ phoma," or grape-comedo, are the genera 
Nasmaspora, SphsBronsBma, consisting, like Phoma, of single sebifer- 
ous nuclei, and Cytispora (or Massaria) with a cellular crjrpt, but 
extruding a sebaceous cirrhus, while Ceuthospora is irregularly 
dehiscent. Septoria and the StilbosporeaB, likewise, may be men- 
tioned in this connection. Such spawns, however, which take the 
fusidium form, will frequently occur both before and after matu- 
rity, like those of the cottonwood-rust or phoma, and th^ red-gum 
pimples (tuberculia crypts, a phase of Sphseria development). So 
nothing definite can be said of their nature beforehand. (Com- 
pare above Stilbum and Fusidium.) Such organs are apermoganes. 

Particular attention must here be drawn to two very prevalent 
types of a " mildew" with punctiform, sessile sporangia; viz^ the 
grapnel-haired and the bulbous-stellate haired ^^Erysibe:" the 
former abundant on the live lilac and catalpa leaves; the lat- 
ter, on aU the mouldy live and fallen oak-leaves of vast regions in 
the South. In their inadult stages they form a thick-beaded <' mil- 
dew" ("Oidium;" "Eurotium," when developing; "Caulogas- 
ter," when taken in connection with its bunches of entrail-like, ela- 
vate-flexuous fibrils of the mycelium). *' Syzygites," Ehrb.,is when 
certain middle joints of its crescents are thickened up into cylindric, 
drum-shaped, spinulose, "hibernating" sporangia, such as are like- 
wise found on the zymotic " crescents," and figured by De Bary and 
Woronin, above, as a form occurring in Mucor Mucedo, the Yeast 
Fungus. By mistake, this has been originally construed (and 
afterwards so repeated on authority) as a " copulation ; of elavate 
stubbles, arising firom parallel fibres," — these "parallel fibres" 
being the terminal (mucor-bearing) mycelia sprung firom the 
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crescent. Compare De Bary and Woronin, above, tab. iv., tL, 
and vii. 

^'Azygites" alBO belongs here. It is represented in fig. 5, be- 
tween two of the aagmented crescents on the same fibre. Such 
termi&al sporangioles are often observed, the supporting joint tak- 
ing the form of an egg-saucer (altogether resembling the firuit of 
the sassafras). Such ^Azygytes," and ^'Syzygites" or ^'hibemat- 
ing-spores" (Dauersporen, De Bary), produce spawning frizzles, 
disintegrating into ^ sporidia " (De Bary), or flying spawns. In 
the Erysibe, they push very long and copious spiral fibrils, thus 
disserved into spuming dust (always of a white color). 

^ Erysibe ^ (the seed-ressel itself) holds about one-half dozen 
of ^ asci," or sporiferous follicles ; each of the latter containing^ 
in various stages, one, two, four, or more ovoid spores.. Its next 
ally by affinity is the sooty-looking, stuppose-haired ChsBtomium ; 
resembling a sea-urchin, but only of pin-head size.* It was classed 
among the sebiferous-seeded frmgi, but in a fresh state contains a 
perfect globe of radiating (incurved) *^ octosporous follicles," like 
all the disciform (Pezizeaa) and nucleolar f BphaBriacese) frmgi, and 
all the Lichens. Into the latter the nucleolar and disciferous frmgi 
make a broadside transition, by means of the rimose-dehiscent gen- 
era Opegrapha ; the pedicellate Coniocybe ; the candle-snuff-shaped 
frmgoid Bseomyces roseus, the Biatoras, and the crypted (phoma- 
Uke) Yerrucarias, Endocarpons, and Pertusaria lichens. 

We thus can readily group the true MucedinesB, — viz., ^ Mucor," 
the zymotic or yeast frmgns; ^Phycomyces," the fish-pest; and 
Pilobolus, the ^dung-dew," and their allies, the rust and phoma 
diseases (aa on the grape and wheat), and the smutted diseases of 
our cereals — into the centre of the frmgous domain. 

Through the minute-headed, smutted forms, such as . Pilobolus, 
* Physarum, the gelatinous-circumfrised Didymium, Licea, Reticu- 
laria, and Cribrarias (the latter provided with a sort of elateres or 
elastic wool), they connect with the theciferous, partly ^ peristomi- 
ate," and radiately divided (hence musdform) group of frmgi, such 
as the minute and rusty-woolly Arcyria, exactly shaped in likeness 
of a wasp's nest, on a minute scale ; and originally produced on 
setiform stipes (like the sporangia of mosses) ; the likewise rust- 

* See note» wb fig. 18. In one of its inadult stages, when produced on a 
stalk, it would be readily mistaken for the yellow bread-mould, but for its " areo- 
lated " surface. This stage originates from a confluent ** arthrobotrys," or " co- 
pular botrytis." 
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colored, conical Bcestelia (the peristomiate dimples or warts, in- 
festing the leaves of the pear-tree) ; while the huge Geaster, or 
^'ground star," expands its Stapelia-like dehiscent globes (resemb- 
ling dehiscent hickory-nuts) at the foot of old stumps. 

The puff or smut balls (such as Lycoperdon, Bovista, Tuber, 
Trichia) pass into the agaricine "toad-stools,^ or champignons, 
partly by the mediation of Podaxon (a large, hooded puff-ball, per- 
meated by a stalk, like an unexpanded toad-stool) ; while the forms 
of StiLbum and Vibrissa connect the Mucorines more directly with 
the AgaricinsB. 

On the other band, starting from the massive ^\ yellow-omelette " 
form, strewn with grayish aspergillus dust, viz., the Mucor Mu- 
cedo, L., as found on peach-preserves (above), it connects with the 
frothy-smutted fimgi, such as Spumaria, ^thalium, etc. (above sub 
fig. 10), which during the night appear out of very rotten stumps, 
the ground, etc., and occasionally alight on very different sub- 
stances, e. ^., on a plough-share {^^ Spumaria ferrincola^ sic/). 
Both these and the ^ smut-cap,'' or Phallus, which in outward 
form rather resembles some agarics and the Morchella, at first also 
has its hymenium crowded with little yellow smut-sporangia, pres- 
ently dissolved into a viscid smut. 

Thus the connection between the UredinesB and AgaricinsB is 
complete. The latter represent the laminated or phyllodial, hence 
fern-like extreme, of fungous evolutions. From thence we are con- 
ducted by the cameus Cantharellus, and the evanescent Phlebia or 
rhizoctonium flakes, through the yellow, ligulate (or Gingko-like 
divided) Spathulea (truly a Cantharellus, it appears) to Sparassis, 
Morchella, and Tremella : that lymphatic colloid of a mesenteric 
form, and the phycoid extreme of frmgi, which, through the 
eporangiokd hymenium of Sparassis connects more directly with 
the forms of Pilobolus and the MucedineaB. The gelatinous, 
napiform PezizeaB again bring about a connection with the central 
Mucor-form, joining them with the larger disciferous or flabelliform 
Tremelleae, and with the nucleolar frmgi, or SphaariaceaB (the disc 
becoming closed over) ; while the Tremelleae, through the ^ scarlet 
root-wart," or (both sebifluous and nucleiferous) Ditiola* forms 

* The stmctiune of " Ditiola paradoxa " [sic), Fries, is not clearly understood 
as it appears. It forms a vermilion wart eruption on oak-roots in winter, and 
consists of awl-shaped and coxcombed crests, united into a tuberculous, rimose 
wart. A longitudinal section reveals many cysts or '' spermogones," whose 
semi-liquid small, spore contents are profluent as the rain wastes the tops away, 
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their close connection with the lichenoid * Sphseriaceae. The lat- 
ter again connect backward, through Chaatomium, Erysibe, Phoma, 
etc., etc., with the Mucedines; while having a mediating link to 
the gastromycetons fiingi^ in the shape of the pyriform — first, 
nucleolar, and then disciferous — Bulgaria, and the qzuisi lenticu- 
lar-seeded (nuculiferous) Cyathus-chalyce, which is at first gelati- 
nous and pyriform-closed. The latter nodulous type receives, 
through the asciferous cysts of Aecidiese, its mediating connec- 
tion with Peziza and the central — and, as it were, originarian — 
type of the Yeast Fungus, or "Mucor zymius,"t Recentiorum 
(derived from the Greek **zyme," the leaven of a dough). 

3. The Zymotic Agencies. 

All observers agree that in the incipient stages of fermentation, 
when "spontaneously" arriving, — t, €., by "mere exposure to 
the air," so called, — the whole mass is already uniformly active 
by the time the smallest perceptible molecules (or vibrios) of fer- 
mentation appear. A few minimal germs, at present not recogni- 
zable as such, suffice to bring the whole into fermentation ; breeding 
billions of rapidly travelling vibrionic molecules, in a condition 
which defies all detection. 

As an example: a specimen of fifty-five p. c. whiskey, colored 
with burnt sugar, was boiled for four hours continually, at a tem- 
perature ranging between 90® and 100° C. After eight hours the 
residue was submitted to my examination. The colored ingredient 
was then found to consist, entirely and exclusively, of quite per- 
ceptible, brownish, single vibrios. The latter showed no inoscula- 

opening the pores. - But it seems to have been entirely orerlooked, that the base 
at last contains large, black, corticated atd/erous cysts, as usual with true 
Sphaeilaceie. 

* The Lichens likewise present, beside the central, typical form of Parmella- 
ces, a fungi-form modification in the loaf-shaped l^Iacodium ; the fustose Lecar 
nora and pezizoid Beomyces and Calycium; and a transition in Opegrapha 
forms. An axiferous, foliolate, or musciform one in the Cladonias, Stereocaulous, 
etc.. A phyllodial, pteroid one in such fonns as Bamalina, Eyemia, Sticta, PeltL 
gera, and Umbilicaria. A true transition in the Pucaccas is CoUema, joining the 
Zorarieae of true Algie. A similar relation obtains in the other classes. 

t "Zyme," the yeast; "kyma," the wave (crest or) scum; the Germanic 
"schaum," "scum," (froth), "schimmel" (dim. of scum), for mould; 
"kahme" (yappa), and "kamm," "comb" (a crest), are of analogous deri> 
yation. 
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tive tendency, the scanty supply of available matter having 
already been consumed in the formation of vibrios. Under a four 
hundred magnifying power they were found to be rather sparsely 
distributed, — about four to a line of apparent size in the micro- 
scopic field. This gives sixteen hundred brown-coated vibrios to a 
real line, no less than 4,096,000,000 to a cubic line ; ». e^ over seven 
and a half billions to a single cubic inch. A little saliva was added 
to a specimen confined between glass slips under the microscope. 
They now congregated into a compact mass, having mostly run 
aground in the mucous matter, in the course of their travels ; so 
that the surrounding liquid cleared up, and the mucus, densely 
crowded with the developing vibrios, which thus formed a compact 
caramel-colored cloud, could then be mechanically removed. 

This explains how a piece of spoiled beef, hung through the 
bung-hole into a wine-barrel, troubled with refermentation, when 
taken out after a few hours, will thus " clarify " it, by the most 
comprehensive fishery on the smallest scale. 

In the majority of cases, as with fermenting infiisions (tea), 
fruit-juices, mashes or (tainted) meat, the vibrionic particles are 
" clear," or colorless, and hence not so easily descried as the colored 
ones, mentioned above, or the '^ black nebulas," found on slowly 
decaying conferval spawns, or on floating pine-pollen. Gradually 
an opalescent cloud or superficial reflection, as of finely divided 
turpentine scums on water, — rather gelatinous or fatty-looking, — * 
becomes apparent. After a while, under high magnifying powers, 
dots are distinguished. The latter are not always at first transpar- 
ent, but (as frequently observed by myself, particularly in the 
case of decaying confervae or the pollen of pine-trees above men- 
tioned) of a sooty black color. The latter kind of dots, consider- 
ably less than ^uVv ^^ ^^^ ^^ diameter, are observable as a dusky 
mass or haze, accumulated around the confines of such pollen or 
conferval fibres, so as to present the appearance of a dark or black 
"indissoluble nebula," — composed of individual elements no 
longer recognizable under a six hundred magnifying power. 
Gradually increasing in size, they likewise become clear, and also 
individually distinguishable, as vibrionic, agitated, saltatory mole- 
cules. When at about ^^jf of a line, they assume a confine, and 
then directly lengthen into fibres of the same calibre, which, as 
above detailed, either swell into yeast, or lengthen out into lepto- 
mitus. This is the average calibre of the finest fungous tissues ; 
6. g^ where the corruption in dead or living wood penetrates in a 

A. A. A. 8. VOL. XIX. 40 
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compact form, with the well-known black enveloping (or adyance) 
sheet. This appears in a section as a black vein or marbling ; re- 
Borbing, in its rear, its own fibres as it advances, invading the 
sound wood-*cells. These it substantially fills, exhausting their tis- 
sues ; leaving them (in the rotten part) behind empty, and enclosed 
roundabout within this enveloping ** hypothallus," or front line, 
which is often found doubled back upon itself as carried by the 
accidental moisture, etc. In the case, of the verdigris Peziza 
cerugineay — often found on red-oak wood, — its dark green color 
penetrates far ahead, without a confine, into the apparently healthy 
wood ; while yet no distinct individual fungous particles are dis- 
cernible with the strongest magnifying powers. It hence follows 
that the fungous agent is there prior to the " decay," and, cceteris 
paribus^ the (distinctive) ^ cause " of it ; and, also, that the first 
invasive fungous agent is not always discernible with our present 
nucroscopic powers. 

The fermentic dots (and similar ones of other fungi) appearing 
uniformly by the billions at once, no clew as to their origin was 
given, until the late discovery of the ** nebular exudation of germ- 
life" from the smallest fungous fragments (sub fig. 8) was 
made. The minuteness of these final, constitutive particles fully 
coincides with that of the fermentic inchoative form ; being so 
minute that, upon the mere surface of the smallest fog-vesicle visi- 
ble at ten inches' distance, fully a million of independent fungous 
integrals might find accommodation, whether such germs be of a 
single or of a million of different species. The " spontaneous " 
origin of fermentative accidents can thus very readily be accounted 
for in any pendant case on record. Of course the application to 
infectious epidemic diseases is tangible. For aught we know, their 
multifarious ^ germs " (if of a parasitical nature at all, and not 
dependent on mere physical or dynamic circumstances) might be 
ubiquitously present, ready to seize on a constitution susceptible of 
their parasitic action, if so be. 

The ultimate, subtle, and thenceforward inscrutable suspension 
of organic germs is here evidently the main point. The nature 
and existence of neither the pulverulent (vibrionic) chalk-white,* 
pruinose (moss) efflorescence from clay in spring, nor of the 
spawning frizzles, and the still more infinitesimal, nebular germ- 

* " All clay or earth, — even when only recently dug up from pits or excava- 
tions, no less than every surface crumb of soil, — after snow frost, and then on 
drying up, will be found sprinkled with an efflorescent, white, subtle, incrusta- 
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effusion in fungi, had as yet been ascertained. This being known 
and re-observed thousands of times, there is no longer any oc- 
casion for supposing a ** generation " {sic) without a generator or 
germ. 

Let us here, for an example, consider the ferment of the main 
river of our country, the dusky-flooded Mississippi The old St. 
Louis city reservoir contained the supply of water for about 
twenty-four to thirty hours. The water was thus left essentially 
unaltered, such as it was gotten, and passed through rapidly, being 
speedily transmitted to the hydrants. In the reservoir the water 
stood about twelve feet deep, rather accurately even-floored, as a 
late accident revealed ; all the remaining depth of reservoir hav- 
ing been filled up by the growing deposit of a fine, gritty, grayish 
sand : after drying, barely cemented, and by the slightest pressure 
at once crumbling into the finest quicksand. There is hardly any 
other ^ impurity " contained in this material, which readily sub- 
sides, after a perfect rest of about twelve hours in a barreL There 
remains, however, in the water, an opalescent (pale, milky-hued) 
** enaiorema " or innatant ingredient, of which in hot weather a 
great percentage rises and collects at the surface (e. ^., of a barrel) 
in the shape of a gelatinous cloud, one^uarter to one-half inch 
thick, in from one to several days. This cloud was almost entirely 
and uniformly composed of dark, brittlish, meandering, and half 
macerated fungous fibrils, about half as thick as a cotton fibre. 

tion, resembling snow or sngar thinlj strewn. On marshy or manured places it 
acquires a conspicuous luxuriance ; a. g,, near dunghills, etc The same is found 
efflorescent on well kept flower-pots in hot-houses, on the veiy crockerj ; form- 
ing snowy designs like lichens or clouds, which — on repeated percolation from 
the inside, and in that atmosphere — are soon followed up by all subsequent 
stages of moss vegetation, acquired in such fayorable localities ; such as a bright 
green, or a dark green (' ulyaceous,' ' chlorocoocus,' and 'oscillarioua') coat, 
followed by that beautifUl minute and si4>-green yelvet, which is subsequently 
found budding the leaved stems of yarious true mosses (mostly of Bryum argen- 
teum). When thus efflorescent, like a dry white-frost, a little moisture will con* 
yert its truly impalpable and immeasurably fine germinal foment — like the in- 
choatiye fermen^nebu]8e — into a sort of gum, percolating all soils and streams. 
In such positions as leave the surface entire, — e. g., on embankments sheltered 
fit>m abrasion, — it is then again efflorescent as a dry, white incrustation, which 
toward the moister places is seen growing, first, into a gelatinous-crumbed, brown- 
ish meal, rapidly converted into glairy, vivid green ' ulva.' The latter, turning 
of a lustrous blackish-green (oscillaria) color, subsequently produces the buds of 
bryoid, true moss, with (or without) its soft green velvet tapestry (or ' rhixodo- 
nium,' etc.) from 'gloeocapsa'* cells." — St, Louis Medical Reporter , Jan. 1, 1867. 
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Such fibrils are constaBtly exuding a fungous *' nebular^ haze of 
frothy cream, which has sometimes been seen by myself visibly 
spouting forth from the hydrants, and filling the air with ofTensive 
gases, priorily compressed within the pipe. Where a sufficient 
amount of new aliment — e. ^., a little piece of glue — was supplied, 
this ^haze" or ^'aura" attained a great luxuriance, and within 
forty-eight hours I have seen all the glue and molecular firoth 
together converted into a dense ** leptomitus." 

The floating swamp-productions, — e, g^ the oscillaria moss- 
spawns, — forming in sunmier dense ^ rugs " along the sides and 
over the entire bottom of sluggish streams, and incessantly buoyed 
up by the gases generated, carry an immense amount of gelatinous 
deliquescent, corruptible matter into the tm*bid river. The dark, 
deep, and turbulent river is, of course, unfavorable to the develop- 
ment or even preservation of such spawns, which are reduced to 
their subtlest germs; while the greater amount of their/ gelatine 
falls a prey to a sort of gangrenous corruption. It is evident that 
in the river the greater amount of corruptible matter is already 
completely decayed, and converted into the finest fermentiG germs, 
ready to infect at once any suitable substance offered. They evi- 
dently come into account almost exclusively for the enormous 
amount of ^' albuminoid " matter — whether animal or vegetable 
— shown to exist in the water by the following experiments. 

Not many years since a prominent drug-store of St. Louis, Mo., 
largely engaged in chemical manufactures, in order to test the 
availability of the water as to freedom from corruptible substances, 
had a glazed settling-urn, in a cellar, filled with previously decanted 
hydrant water, and carefully covered. There was very little of 
earthy sediment present, but the " opalescent ^ impurity, (men- 
tioned in the "First Report St. Louis Water Commissioners," 
1865, p. 25) was, of course, not removed. After a few weeks the 
water appeared clear, at first sight ; but in the throat of the urn, 
about one-third of its diameter, a compact ledge, averaging one- 
half inch thickness, of a perfectly transparent " leptomitus " jelly, 
was found. It was itself altogether inodorous, all corruptible sub- 
stances having been consumed by it ; and I found that it consisted 
entirely of the finest fungous fibrils, closely packed ; two thousand 
side by side to each line, four millions to a square line. Most of 
them being in a process of transversal self-division into globules 
of like diameter, it afforded as many as the cube of two thousand ; 
». e., eight thousand millions of individual and well-defined, cellu- 
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lar, septic germs to the cubic line. No adequate sanitary analysis 
of the Mississippi water, at St. Louis, having ever been under- 
taken by the metropolitan watei^work commissioners, this palpable 
neglect was in part redeemed through the unrepaid services of Dr. 
Theodore Weiss. Several analyses were made by him of .water 
drawn from the hydrants at different seasons, and at diiSerent times 
of the day ; those of four specimens taken at different parts and 
depths of the reservoir ; and several from the surface of the river. 
One was independently executed for me by Professor A. Wadgy- 
mar. All analyses concurred in this startling result, that in sum- 
mer the hydrant water contained, on an average, six grains of 
exsiccated mucilaginous substances to each pint of drinking water. 
Of this enormous percentage, partly of fungous fibrils, grown of a 
corruption already gone through, one-half remained on the chem- 
ist's filter, while one-half, passed it (three grains) in a soluble 
form. 

The results obtained from a specimen taken at the upper ferry, 
midway in the river, where the waters of the North Mississippi 
River and Missouri are commingling, showed the gritty mineral 
deposit to be only one-tenth, and the organic percentage one-third, 
of the above average. At the time of the late cholera visitation, 
the untiring attention and efficient action of the Board of Health 
revealed the fact, that in course of time the offal of no less than 
twelve butcheries was being discharged into the river above 
the spot where the suction-pipe was located, close to the bank, in 
shallow water. The effect of the immense amount of garbage 
thrown into the river at St. Louis is such, that the water taken in 
July, about six feet out from the bank, at Sulphur Spring Station 
(about twenty miles south of St. Louis), was found undrinkable on 
account of its cadaverous taste, or perceptible '^ taint.'' 

Water drawn directly from the hydrants, unless cooled down to 
a frobty temperature (by melting ice, whereby the fermeutic 
property is momentarily checked, and so much pure water added), 
affects the stomach at once with a nauseating disrelish, — a " sick- 
ening," or at least "' unsatisfactory " effect, actually preventing the 
slaking of thirst, as required ; while cistern water, or that derived 
from ice itself is imbibed with a relish, even if at a lukewarm tem- 
perature. 

In a like manner, air, when imbued with disease, malaria, efflu- 
via, or unknown noxious agents (e. g^ at times when cholera is 
epidemic) seems ^ oppressive," not affording any of the bracing 
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effect of " pure ^ air ; t. e^ air which is relishable. In both cases 
the " bracing quality " is very sensibly appreciated as such, but by 
no means necessarily as a ** taste," — whether a true (glossopharyn- 
geal) savor or a " flavor ; " t. e^ an odor internally experienced in 
the conchaB on deglutition.* Speak of "healthy water," if it does 
not exactly smell ! Why not speak of " healthy " carbonic oxyd, 
for respiration ? It has no perceptible odor ; although it is not 
only unfit for respiration, like nitrogen gas, but a positive poison. 
Yet it is neither smelt nor tasted. 

Another evil, resulting from insensible but widely diffused cor- 
ruptive processes, affects such seaports as are placed at the mouths 
of rivers emptying into the sea. The brackish or salt-water, 
obtained from East River, New York, and sent west to serve for 
marine aquaria, was, on inspection, found thoroughly clouded with 
large ^^cirrhi" of mycoderm; and the yeast-fungus was found 
sprouting its pale penicillium and exserted oidium-joints on any 
solid floating substance. This may simply have resulted from im- 
purities incident to ports as such, — witness that of the city of 
Marseilles. In a great measure, however, the tidal alternation, by 
backing up of rear-waters, and a subsequent increased rush into 
the sea ; but, above all, the mere fact of the river discharging its 
fresh-water life into salt-water, and vice versa^ must necessarily 
cause a constant destruction of fresh-water life on the one hand^ 
and of marine life on the other. In one respect the river serves 
as a sewer, in the other as a source of littoral life-destruction. In 
the latter respect the mangrove coasts of tropical climates may be 
mentioned as a never-failing source of malignant efliuvia. 

A most remarkable and significant feature in the manifestations 
of the yeast-fungus, as a corruptive, is that, although it is seen to 
freely decompose (and nestle upon) other fringi, it remains itself 
apparently unaffected by such agents ; or, at any rate, if effete, it 
will, like all other substances suitable to furnish life-material to the 
yeast-plants, primiarily fall a prey to its own latent germs, or to the 
omnipresent ones of its own kind. This has given rise to a fore- 
gone conclusion that the " oidium lactis " and ^^ mucor " were final 
evolutions of all (effete) fungi. 

It is this truly universal leaven of nature that not only ferments 
our best victuals : the bread ; the wine ; beer, cider, milk, cream, 

* See " Experimental Obsenradons on Taste and Smell, " Proceed. A. A. 
A. S., 1854, p. 266. Also, " Vindication of American Priority/' St Louis Medi- 
cal Reporter, Jan. 1, 1868, p. 644. 
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cheese, and curds; the vinegar; greens, krout, and pickles — but 
likewise demonstrably effects the putrid decomposition of all 
human flesh * and human diet ingredients, — of waters, garbage, 
carrion, and contents of the water-closet. It thus becomes the 
natural or nomicU corruptive agent of all our "normal" as 
well as " morbid " body constituents and secretions ; of all our 
healthy as well as abnormal stools and ofial, without exception, so 
far as examination has ever extended. 

It is this fungus which likewise consumes the gelatinous, and 
often very massive (" confervaceous," " protococcus," and so-called 
^^ palmellaceous " paludal and uliginous) bryaceous spawns of all 
soils and bogs, of rivulets, rivers; swamps, and shores. 

It is thus universally productive of pernicious and (in a concen- 
trated form) offensive and essentially " gangrenous ^ effluvia, which, 
in a dilute condition, are mostly recognizable only as a mawkish 
" flat " (or swamp) odor. Essentially of the same nature are the 
dreaded "stinking fogs" or odors, whether originating from 
putrescent aquaria, from slaughter-houses, or from river-sloughs, 
swamps, and bottom-lands. These exhalations (recognized by a 
sort of "burnt kid" leather smell) are as distinctly felt as they are 
deservedly reputed to be directly productive of the malignant 
swamp-fevers and " congestive chills," both in the lands surround- 
ing the " Putrid Sea " (Seewah) of Crimea,t and in the redoubta- 
ble Tarai bogs, at the foot of the Himalayas. The same probably 
applies to all the extent of malarious flats which follow the abrupt 
southern declivities of the line of alpine elevations from the 
Pyrenees to the Himalayas, such as the valleys of the Ebro, the 
Rhone, Po, Kuban, Ganges, etc., and to all other malarious 
plains. 

From its known abodes, its sufficiently well-known action, and 
the asphyxiating (perhaps desozonizing) influence of its nitrogenic 
effluvia upon the atmosphere upon which our very " breath of 
life " or of death depends, this fungus — a constant irriCamerUum 
malorum^ as well as the active principle of benign fermentic ener- 
gies — may, of aU, lay a prior and sweeping claim to the title joar 
excellence of the " Zymotic Fungus." The study of its processes 

* As above (compare fig. 8) obserred, the muscular fibre in the process of 
putrescence seems to dissolye substantially into the saroode vibrios. The latter, 
judging from Liebig's latest analyses of the " active yeast ingredient," have the 
identical chemical composition as the fiesh. 

t St Louis Medical Reporter, Jan. 1, 1867, pp. 626, 627. 
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affords not only the most comprehensiye analogies to the formation 
of all organic cells, but also to the vital " assimilative," and hence 
" specific " creative functions of every other organism ; with this 
advantage for study, that in such elementary structures the pro- 
cesses of life are laid open to inspection in vivo. 

As for its influence on morbid phenomena, its action may be 
rather estimated, than it can at present.be determined, by the com- 
parison with the action of such iungi as, being parasitic on certain 
trees and their leaves, take a luxuriant growth also in the masti- 
cated fragments of the same leaves, within the body of the cater- 
pillar, which feeds on it, as in the case of the Muscardine. The 
lymph and blood, containing such aliments, likewise become de- 
monstrably aflected, and charged with the visible (orange) vibrios 
of the fungus ; and in the cajse above quoted (Pasteur's discovery) 
this even extends to the eggs of the hatched (but diseased) moth 
of the silk-worm. 

It is, however, but too tnie that the crowd of supposed " spe- 
cific vegetable parasites," lately claimed as the specific virus of 
several dozen diseases, — from the diarrhoea to the hydrophobia (!) 
— are only fragmentary forms of the inevitable decay, and neither 
show any mutually "distinctive (specific) characters" whatever, 
nor have they been bred into any thing like a mature condition. 
Surprising as the fact may appear, the vicious circle which binds 
together those alleged discoveries simply amounts to this, that it 
wus taken for granted, a priori^ that contagious diseases must be 
"fungine parasites," on account of the resemblance between 
them and the true fermentic phenomena; oblivious of the &ct 
that all normal regenerative life, above all, is itself of an essen- 
tially " reproductive " nature. Several morbid functions (or " dis- 
eases") being "specific" (as all our norma/ functions * emphatically 
are), some specific fungus was to be made responsible for it ; and 
whenever an incipient fungous development was found in the 



* In their own " yernaculAr/' this school might he answered that, seeing the 
Ainctions of the body are specific, of course every man must be his own fUngus I 
We hare lately seen proclaimed, among the great number of " new specific 
fungi/' such genera and species as " Crypta syphilitica, C. ffonorrhoica, etc., Sa- 
lisb.," the d^ris of the spiral elastic fibre of human anatomy, as found in old de- 
structive ulcers (vomicae; L. Beale) likewise. A species, without a cell or 
diversified structure ; without organs, growth, or development ; without a Natu- 
ral Kingdom, but that of (" bad **) names ; no plant ; no animal ; no life, — but 
a ruin ; truly a '' fungus a non fungendo." 
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rapid natural decay of any morbid secretions, it was at once hailed 
as the (supposed) ^ specific " fungus ; no rational comparison be- 
ing instituted for the inevitably arriving, normal fungous decay. 
The literature on this subject exhibits not a single experiment 
upon the nature of natural cadaverous corruption ; and this shows 
the entire want of discriminative comparison, whether between 
the normal and supposed abnormal, or between the supposed 
'^specific " organisms, mutually and respectively. We cannot, how- 
ever, pronounce upon the special, morbid or peculiar characteristic, 
before having compared it with the normal, healthy or general ; 
nor can we distinctly ^' classify " things, unless we are acquainted 
with their nature, connectedly, completely, and distinctively (or 
** comparatively").* 

It is the old and well-known ^ oidium lactis " form which has 
lately been detected on choleratic discharges after a week's putre- 
faction (!), and hence construed into a bran-new genus, and claimed 
as a '^ specific parasite," although neither new nor unknown, nor 
exotic, nor in any wise a distinctive feature. This famous ^^ Cylinr 
drotoBnium cholerce indiccBy^ sibi^ Thome^ or oidium lactis^ forms, 
by the way, the only healthy or eatable phase known of the 
yeast-fiingus ; since it substantially composes the rind of the 
justly esteemed clabber cheese. 

It is thus that this our innocent household benefactor has been 
feloniously caluminated, and also ofilcially acted upon by the Brit- 
ish Government ; purporting to have it hunted up in its ^ native 
haunts, in the rear jungles of India," as will be well and long re- 
membered.f 

Our epidemic anxieties, and the ruling passion of our betters, 
have always exercised no little influence on the ^ customs " of the 
period, variously taxing the devices of ingenuity. A short time 
ago, when ^ specific fungi " were all the rage, and were being 
brought in, daily almost, some professional friends of my acquaint- 

* The nature of things, as the Latin word itself (natura, from nasci) em- 
phatically implies, consists in their genesis. The understood causes cover all the 
" consequences " or ultimate, complicated phenomena which thence genetically 
arrive. Mathematical logic consists in the generation of ultimates from princi- 
ples ; Physics, in that of effects, out of causes ; Biology, in the knowledge of 
the origin, development, and end (reproducing its own vital fiictor), as for living 
things (" beings," or " essences "). Mathematics is the quantitative. Physics the 
qualitative analysis of Natural Phenomena. 

t See Halller, "Die Cholera-Forschungen der Englaender in Ost-Indien." 
[P. S.] Comp. Dr. Lewis : 6th Ann. Rep. Sanit. Comm. Gov. Ind., p. 140, bel. 
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ance, on meeting in the streets, would no longer inquire, — in the 
spirit of ages, now among the past, — How is your bank? or. How 
are you, conscript ? but with a conscious wink about the eye were 
heard to suggest. How is your fungus ? 

For should it not be truly painful to reflect that any healthy 
man should not only be found " blooming " with the scourge of our 
potato-fields ('^ oidium violaceum^ Schacht, fig 6, of our plate) ; 
but in his healthy stools be considered fraught with ' the dire 
^ Cholera-fungus ; fructifying only in India," on eminent European 
authority! Must not any healthy and well-informed citizen 
appear to himself like a walking infirmary ; an object of just 
suspicion to any properly organized board of health ? Might not 
such a miserable feel committed like the Member of Parliament, 
who lately confessed to having had the rinderpest "himself"? 
StiU, such are actually the grave complications arising where the 
unhurt receiver and dispenser of the omnipresent germ, which 
breeds poison under slightly altered circumstances (in the heat, 
the swamp, the water-closet, and the sewer), is crowded upon his 
fellow-man. Bence the ^sewage question" — the sanitary ques- 
tion of the day — is emphatically one of the yeast or corruptive 
fungus, which has no corruption greater than itself. The great 
ultimate development of Rome, as a fortified city of rapine, it is 
true, but also of civic order,* was indubitably partly due to its 
" cloaca maxima^ built by the Proud Tarquin : the fundamental 
ditch-maker of the Eternal City. 

The want of drainage is, indeed, the ^ dead " point of all metro- 
politan development of small places, and remains the vital ques- 
tion of two of the largest commercial cities at the most northerly 
and the most southern extremity of the Mississippi Valley, Chicago 
and New Orleans. 

Above a temperature of about -{- 16® C, the highly salutary, lac- 
tic fermentation' of all dairy produce — of milk, butter-milk, but- 
ter, cheese, and cream — is rapidly changed into the horribly 
offensive butyric one ; e, g^ where milk or slops remain stagnant in 
sewers, or in the pestiferous slop-puddles forming near farm dwell- 
ings. It gives the full clew to the sanitary economy of those re- 
puted ancient lacustrine city-builders, already known to Tacitus ; f 

* Hence the tenn " ciyilizatton." How it operated, see Acts zzii. 25-^, 
ZTi. 87-39. It is the main key to Roman successes. 

t Tacit De Germania, cap. xliv. Suiones ; Svenske, the Swedes, who at home 
dwelt in the Swedish inland-seas, and, it is well known, in the great migration of 
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and the descendants of whose neighbors also retained their ancient 
vemacillar in the name of a city famous for its natural sewers, that 
of " Venedi," or Venice. 

The Zymotic Fungus being the uniform ferment — yeast and cor- 
ruptive — of both the aliments and the flesh and secretions of the 
human body, it must necessarily exercise certain typical, if not 
specifically infectorious influences on that organism. Its forms and 
functions, vis and vincs^ are no less diversified than those of the 
most complex organization, — that of man, itself. It must also here 
be repeated that the fungus '^ reproduces " its special phases ; and 
consequently the " specific energies " thereto belonging, severally 
and respectively, so long as the nurturing material and other physi- 
cal conditions remain the same. It also persists in reproducing 
the previous type by preference ; thus, for example, transferring the 
oidiumrmonUioides production of the rotten cabbage to the apple 
(at^ ^g. 2), which from its own primary fermentation (starting 
from its acido-saccharine ingredients) only moulds with the ^^peni- 
cillium glaucum,^ The mucor phase is much more apt to repro- 
duce mucor forms directly from its own (uredo) spores, rather than 
penicillia ; and the latter rather repeat their own form, for which 
the elaborated cell-contents are once adapted, than a higher, pro- 
gressive one. It is thus that an " intensified," or special poison 
can, under special circumstances, be produced and rendered self- 
reproductive out of an organism innocuous under different ones ; 
and that to either utilize or to resist, our economy must be spe- 
cially adapted, or it must perish in a short time. The univer- 
sality, th^ beneficency, and the pervertibility seem to be equally 
shared by man and by that '* corruption " : in the likeness of which 
our flesh and sarcode is ^^sown" (or spermatically vibrionized), in 
the entire developmental and regenerative processes no less than 
in the reproductive ones. 

The chemical consideration of fermentic phenomena has hitherto 
only been cultivated from the points of view oflered by the mate- 
rial,* which serves for the development of the yeast-vibrio. The 

nations,— caused by sadden arctic refirigeration in both continents, — pnahed 
also into Switzerland ( which thence derives its name, " dhvytz "-" Sueda "). His 
" Venedi," or Vends, cap. xlvi., afterwards built Venice. 

* The multifiirious action of the vibrio in producing the alcoholic, lactic, and 
putrid decomposition, has been repeatedly emphasized. The biological relations, 
however, being our present subject, the chemical detail of its effete educts can be 
left to the chemical operator. 
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latter itselfj however, has been abundantly confused with certain 
molecular animal phenomena which I have detailed in another 
place {Jour. 5c., July, 1871) ; and vibrionic inosculation hase.^. been 
described (in the symbolic language of " animalism, and its canni- 
balism ") as " serpents snapping up vibrios." The genus of reptile 
not having been specified in such cases, we are free to presume 
that it belongs to the class which, " more subtle than any animal 
— made " {%. «., arrived at the adult state), corrupts the sources 
whence we draw our life. 

As a latent germ of disease, it partakes certainly of the viru- 
lence both of the snake and of " the leaven of corruption." It is 
in this sense that particular attention is called to its * partial ex- 
istence as a parasite on human secretions (peniciUium hominis) 
within the ear, etc. ; the full development and nature of none of 
the actual fungous parasites on the human body being as yet studied 
to the end. I here refer to the scall, or ringworm ; the herpes de- 
calvans^ pityriasis versicolor^ etc. 

It is thus that particular interest attaches to the study not only 
of all its possible forms and phases, its conditional fermentic — 
alcoholic, vinous, lactic, acetic, butyric, etc. — and corruptive capaci- 
ties, but also of its adaptability to act as a morbid agent. In this 
respect the comparison with actual contagion through fungous 
. agencies becomes momentous ; and reference has already (above) 
been made to the well-established case of the Muscardine. 

An analogous process has lately been observed by Professor Hal- 
lieron a fungous disease of pines : the "botrytis" state of a Fumago 
(a perfect or adult fungine form, incident to willows, etc.). It also 
attacks the pine-leaf, and also " ferments " (in its way) the bowel- 
contents of the ravaging caterpillar, which of course must perish. 
The fungus, as a matter of course, finds its way to the surface, and 
doubtless also infects part of the chyle, lymph, and " blood " of 
the insect. The simultaneous appearance of Mucor Mucedo on 
the surface, by no means, however, argues a vital identity between 
it and the " Botrjiiis Fumago," Fries. The larva died. It will 
decay ; if not by the " botrytis " of the tree, it must decay on 
some other fungus ; and here we find the Zymotic Fungus repre- 
sented in the drawing by Professor E. Hallier. This alone, how- 
ever, cannot by any means justify his assumption of the Mucor 
being a " cell-formation common to all fungi," as he would seem 
inclined to let it appear. 

Another case, which has excited attention, is the frequent 
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occurrence of the " Cordiceps militaris ** on dead June-bug grubs 
It consists of one or two slender horns, like an antelope's, pro- 
jecting one and one-half inches out of the dead larvae. "What is 
it?" we ask ourselves. Why, first, it is a dead grub; second, it 
is consumed by a fungus. Reason says at once (1) grubs will 
sometimes die ; (2) they will then inevitably be eaten up, either 
by animals or by some corruptive decay. Next : What did they 
die of? Anxiety suggests, by "contagion." Reason inquires 
about the indispensable — 



« 



Quis, quid, ubi ; quibus auxiliis ; cur, quomodo, quando ? " 



Who gave it? who found it? where, when, and how? The 
careful and explicit evidence soon reveals the fact that the grub is 
found in turf lately ploughed up. The grub fed on the roots of 
the grass. The grass was killed by the plough. What became of 
the grub ? Bad fare killed it. At all events it could not live thus 
any longer. Now all these connected natural circumstances fully 
explain that the grub had to die. We have, therefore, no further 
reason to suppose any other cause, this being sufficient to cover 
the case. Now, as for the second part, — namely, respecting the 
nature of its decay, — the common (normal) fungous decay of dead 
grubs is not known to us at present. It may derive its germ from 
the air, the soil, or the dead putrid grass-roots ; but it is not the 
decay of the human body ; and it need not be, perhaps. Still, all 
this does not exclude the possibility of some " diphtherous fungus 
of grubs, growing out of the salivary glands " of the same. Only 
the worm died, and was consumed. The decay probably proceeded 
from the bowels' contents, which were themselves partly derived 
from decaying roots. The fungus completely stuffs the body, sub- 
stantially, with its own uniform, whitish, giistly mass, consuming 
all except the homy body constituents.* 

* The top of the horns (when bred in wet soil under cover) produces a cob or 
spike of close -set nuclei, replete with slender sliyers representing long, thin, fili- 
form wires, of snowy whiteness, that spontaneously cross-divide into globular 
granules. These again form into chalk-white fungilli, in form resembling a can- 
dle snuff; and the whole stem and grub produce similar ones from every lesion, 
as well as spontaneously, — a sort of foruZa, ace. to Tulasne. If not asd, the 
slivers may be spermogonia for the Cordiceps ; what the red gura-pimples (Tuber- 
cularia) of oak-branches are to the nucleolar Sphceria effusa (or " black-enamel 
slag") of the trunk; and what the sebifluous apical cysts of Ditiola paradoxa 
(the vermilion root- wart) are to its inferior hidden sphaeriaceous cysts or nuclei, 
all on one warty convolute. 
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Again, all dynamic, chemical, botanical, and zoological forms and 
constituents, as well as functions, being specific, — morbid processes, 
in the great generality of cases (excluding surgical ones), cannot 
anywise help being likewise more or less specific. For a specific 
process it only requires one thing to be sut generis / and such, first 
of all, is the body itself. 

Now, as to " contagion,'' we ought never to forget that the body 
is built up of tissue elements, which are not only reproduced by 
the generative processes proper, but also by way of internal regen- 
erative restitution. Propagation and regeneration in the case of 
the yeast, as in all others likewise, are at the bottom of contar 
gion ; but, we may ask, how is it efiected ? 

The whole system of life is an ocean of reproduction of its own 
normal constituents. The latter are partly, as in plants, ^ built 
np " one upon another ; partly, as in animals, used up and replaced 
in locOy thus rendering an alternation of substance (^'Stoff* 
wechsel '^ ) by local restitution, a purely animal peculiarity. It is 
thus that, by a continual typical reproduction within itself, the 
animal fabric is sustained. How if it should sometimes reproduce 
typically, but perversely, so ? It certainly " fructifies " regenera- 
tively within itself; and reproductively in the sexual processes, 
rebuilding another complete body out of very few vibrionic fac- 
tors. Should it not sometimes morbidly, perversely, and de-^trvLO- 
tively affect " another body," by such agencies as, e. g,y its own 
normally disintegrative factors having taken hold of the " regen- 
erative functions " ? In remoulting, are there not also constantly 
decomposing — not only the remoulding and remodelling — agen- 
cies at work ? 

As for the morphological agent concerned alike in all these 
cases, the normal (bi-sexual) animal propagation^ is enacted by 
the seminal vibrios (a sort of '' Flagellate Infusoria," of certain 
classifications). They previously constituted the "nucleus" of 
spermatic cells. 

A parallel is afforded in vegetable pollen-fructification, in the case 
of the common flowering moss, or JPortulacca grandifiora. When 

* Comparatively speaking, perfect flowers are unisexual, or true (monoschO' 
matic) hermaphrodites. The fertile animal system is bi-sezual, being (ii-schemik 
tic, even in its apparent hermaphrodites ; such as snails. The glandular organ 
of the latter secretes, first, the seminal cells ; and then, likewise, the OTum ! The 
anther corresponds morphologically to both the animal OTary and the testes. 
MonoBcians are "mutilated" monoschematics ; each flower being Mint-eezuaL 
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touched by the apex of a stigmatic papilla, each pollen-grain is seen 
to liquefy locally, and to disgorge a thickish stream of large indi- 
vidual vibrios, not enclosed in a hose, or " fovilla," but freely and 
independently moving across and against the main stream and 
against each other. The well-known case of AsclepiadesB is very 
different, where the conglutinated pollen-cells develop a long dis- 
charging hose, which of course remains behind empty, like the 
pollen-membrane itself, as in the case of Orchids. 

Other animal and vegetable cells likewise have a nucleus or 
two, constituted of movable vibrionic particles, which divide 
apart and course about, in the process of cell-division, or, as chlo- 
rophyl-granules, stream toward the light (as in young moss-leaves), 
and retire on its cessation. They also leave the mother-cells, and 
originate new net-works of vivid green cells around the empty 
ones in the development of certain moss-leaves {Bryum argenr 
teum). The fact is, that the so-called ^rotation of protoplasm " 
is actually an intrarcellular circulation of vibrionic particles. 
In the case of Chara, Anacharis, Tradescantia,* Closteriumf 
(not an animal, but, like all Desmidiacea, a bryaceous spawn), it 
is as clearly observable as in the hitherto apocryphal "^ amceba " 
dissolution of the VorticeUo ^ JPlanarian viteUi^ hereafter to be 
detailed. 

In Closterium, the red resetted ^ eye," or cell-nucleus, at either 
extremity, represents a globular cavum (filled with liquid), in 
which about a dozen of individual vibrios are seen swaying to and 
fro, and coursing within the cell, entering and leaving as in a bee- 
hive. Their bodies are clear, and the ruby color is owing exclu- 
sively to the flashing of an otherwise indistinct appendage. 

Likewise, the large, green, peristaltic- writhing and flagellate pro- 
toplasm-sarcode, called £uglena,| which covers still pools with the 
bright^green scums, is the analogue of a " spermatic " element, 
notwithstanding its huge size. It occasionally dissolves into 
vibrionic elements (each again a minimal ** flagellate infusorium''), 
ready to develop into an oscillaria fibril (a bryaceous spawn) ; or, 
in case of the "encystment" of the "Euglena" sarcode-body, this 
false flagellate infusorium {ut habent) casts a tap-root, and grows 

* Comp. Carpenter, The Microscope, etc., §§ 216 and 246-248. 

t Ibid., §§ 178, 179; St. Louis Medical Reporter, Jan. 1, 1867, p. 618. 

I Ehrenberg, in Trans. Berlin Acad. Sci., 1881, Tab. I. ; ibid., 1888, Tab. VI. 
figs. 7 and 8. The flagelli are not figured, notwithstanding their length more 
tlian equals that of the body. A five hundred magnifying power is hardly suf- 
ficient to detect them. St. Loui« Medical Reporter, Jan. 1, 1867, pp. 620, 621. 
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into a moss. The " filiferons capsules " ♦ of low animal organisms 
likewise exhibit, in their retractile "nettling " hair, the highly com- 
pound structure of such flagellatory organs on the animal, as we 
find it also observably demonstrated in the case of the bryaceous 
" euglena " sarcode. The latter, when enclosed in the dark, and 
without soil, is seen developing its chlorophylline component par^ 
tides into a mass of only loosely connected, and afterwards liber- 
ated individual vibrios, resembling those of the "red eye" of 
Glosterium, and also those of fermentation, so as to be no longer 
distinguishable inter se. 

" Glosterium " is in part produced directly by the encystment of 
" Euglena," together with the spirally denticulated " E. Pyrum^ 
Ehrb^ and wafer-shaped, caudate " E, longicatida^ Ehrb.,t thus 
transformed ; e. g^ on a China saucer or a glass slide. When dis- 
solving into clear vibrios, however, the porrected and thickened 
flagellum is shed, and, on the glass slide, segmented into silicious 
(or so-called Navicula) joints, which individually develop onward. 
Hence it is probable that the organization of the flagellatory or- 
gans is a very compound one, although in most cases almost 
entirely escaping the highest microscopic powers, and, in the case 
of the Glosterium " eye," rendered recognizable only by its red 
color. It is thither that the further researches of microscopic 
physiology have to be, above all, directed ; and increased powers of 
discrimination here become highly desirable. 

One of the manifold originations of the euglena-sarcode itself 
which I have fully observed, and in part communicated X before 
now, serves to throw some light on the action of spermatoid 
vibrios, of the smallest calibre (77^01^ line, at best), as the agent of 
the pre-cellular developmental genesis of tissue-elements. 

"Where oscillaria-coats, constituting the blackish verdigris 
lubricity on fetid pools (as well as on wet shady grounds), § leave 
openings on the surface, a thin film of the ' peristaltic ' euglena- 
sarcode is found. These bodies are partly ' red-eyed ' or ' fully 
developed Euglena ; ' partly green all over their surface, and of 
smaller size (Gryptomonas). Among them are found a great num- 
ber of smaller, dark-green, globular yolks, endowed with a large 
hyaline 'albumen' coat, evidently the increased segments of 
' gloeocapsa ' of oscillaria. 

* Carpenter, Microscope, § 888. 

t These are figured as supposed "animals" in Trans. Berlin Acad. Sci. 
1881. Tab. I. 

X St. Louis Medical Reporter (above), p. 525. § Ibid., pp. 515, 516. 
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" These at first remain perfectly still, until one of the vividly 
swarming, minimal hyaline vibrios is seen seizing hold upon, and 
vehemently hustling round, such (otherwise inert) yolks ; appar- 
ently 'attacking' the circumference of the albumen as by a 
dagellum, and gradually disappearing inside. . . . 

" As the vibrio, penetrating, is lost to view in the profile, the 
* gloeocapsal ' yolk again becomes quiet, until, after a few moments, 
all at once the granular chlorophyl-particles, constituting the yolk, 
manifest a great commotion, and, as if liberated, are seen as so 
many individual green vibrios. Segregatively thrusting themselves 
into the surrounding albumen zone, they now inhere under its sur- 
face ; whereupon the green body now becomes a ' Cryptomonas ' or 
juvenile ' £nglena ; ' commences, slowly at first, to contract and 
writhe as a true (low-sized) peristaltic-sarcode cell of that scum."^ 

As above remarked, the Euglena can encyst into Closterium, 
which again breeds into various desultory forms ; or the Euglena 
takes root, sprouting a '^ rhizoclonium " moss-velvet, which bears 
the juvenile moss-bud.f 

In view of these well-observed facts, " there can be now no longer 
any doubt that, as the vibratile epithelia of the intestine flicker, so 
certain intertextile cell-molecules, and not only the true so-called 
spermatozoa, are endowed with a vivifying, promulgatory, motile 
agency of cell-life ; the regenerative, if not alike the reproductive 
element, or true * vital' phenomenon." 

There is also ample evidence to assume that all the circulatory 
vibrios, those enclosed within the fibre (fig. 5) as well as the free 
fermentic ones (fig. 8), with the yeast-fungus, as with all other 
observed organisms (including those of the '^ germinal matter" 
and of the immature and transuding blood-corpuscles), are all 
alike endowed with a fiagellatory organ, resembling in structure 
that of spermatic cell-nuclei (or spermatozoa), ^ exciting " them- 
selves, as it were, on the ** waters of life." 

The same applies to the erroneously so-called " androspores," 
and to the minimal vibrios of other intertextile processes, as rep- 
resented in a subsequent paper on the titular genera of so^alled 
fresh-water algsB, as bryaceous spawn developments. 

The same also applies to the vital vibration of some invisible 
fiagellatory organs, active upon the surface of the assimilative and 

* The perfected "doBterial" as well aa "Euglena" phases extrude tisDces- 
llke, yibrionic spawna. 

t St Louis Medical Beporter, pp. 616, 621, and 622. 

▲. A. A« 8. VOL. XDL 42 
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bronchial membranes ; e, g^ of live tad-poles ; and of the mol- 
lusks,* where they are said to be distinctly recognizable. 

The fact that they are often indistinguishable in the dead is 
partly owing to the cessation of action, and to their natural 
minuteness ; but it allows also of the supposition of retractibilitj, 
as in ^^filiferous capsules;" or, of being dropped, • like that of 
^ Euglena** (above) ; and such might also be one of their normal 
functions, by the way. 

The ashes of the ^* Closterium ^ yibrios leave a silicious (insol- 
uble) residue ; hence the vibrio assimilated silicious combinations, 
which, as apparently pure silica-coats, are left as educts ; 6. ^., of 
the ** naviculse ^ spawns, etc. 

The independent vitality of certain detached flagelli, as well as 
the phenomena of '^spicular'' prolapse (mentioned in the chapters 
on yeast and the peach-rot), make it plausible that in certain 
cases the fragments of the flagellatory organ of vibrios, themselves 
but just visible under the highest powers, may be endowed with 
the ^' promulgatory " action of cell-life, whether diseased or 
healthy. Sufficient analogies of the endurance of molecular-Ufe 
are given, and partly laid down, in a succeeding paper on the *' Cir- 
cuits of Generation of Molecular Animals." In this shape, where 
a considerable degree of exsiccation is endured, germs not only 
of '< paramtes," but perhaps also of individual, morbid activity» 
might easily be conveyed by the arising vapors ; but, above all, by 
the active pulmonary exhalation of diseased individuals ; as is prob- 
ably the case with the rinderpest, and most exanthematio dis- 
eases ; and in fetid bilious derangements, perceptibly so. 

The discussion of morbid phenomena, from a technical point of 
view, being excluded from the pale of the American Association 
for the Advancement of Science, I would here simply mention 
that in regard to the fungine elements apparent ; e. g^ in diph- 
theria, it must never be foigotten that the formed mycelia may be 
long preceded in time by whatever morbid molecular germs may 
be circulating in the lymphatic system, etc. The appearance of 
the commonest corruptive agent, in places so favorable, as is a 
purulent exudation, steeped in saliva which cannot be swallowed, 
and remains permanently exposed to air, is but a natural conse- 
qtlenoe, and by no means argues a ^probably local origin" of 
this disorder; which, together with the ^^ black-tongue,'^ f Buffi- 

* Carpenter, Microscope, § 886. , 

t The black-tongue, or " oold plague," reaulta when a tumor i| fonned in the 
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ciently resembles the ** oriental plagae," such as it has occurred in 
Russia. The glandular swelling, however (instead of being located 
chiefly in the groins), in diphtheria is located round the throat, as 
in the glanders of horses. It is also generally characterized by a 
prickly, often purulent-tipped, scarlet rash (the dreaded ^ Schar- 
lach-Friesel ^ and ** angina gangrcenoaa " of yore), and often ex- 
hibits vibices of a hand^s size, all over the body. 

The locality of the tumor, evidently, is its most formidable com- 
plication; since it emphatically '* incarcerates" both the grand 
sympathetic and pneumogastrio nerves; while it also effectually 
strangulates both the venajugularis and the throat. 

This terrible swelling, however, like other pyiemio and specific 
(cadaverous and syphilitic) tumors, is most readily and effectually 
dispelled by the external application of blue mercurial ointment, 
when aided by a strong emetic dose of ipecac, and by calomel and 
quinine; in consideration of the state of the spleen and liver, 
respectively, — this treatment giving a mortality of about three per 
cent only. As for the fungous vegetation in the fauces, it is then 
easily kept down with a syrup of citrate of iron, (ant-) *' ozon- 
ized " with oil of cloves. The caustic, however, in the majority of 
cases, also serves to increase the strangulation of all the vital con- 
ductors, as above specified ; hence the comparative mortality, even 
when the fungous vegetation in loco had been entirely suppressed 
by its use. I would therefore warn the zealous theorizing practi- 
tioner, who, without a knowledge of fungi, attempts to destroy 
what he considers a fungous parasite (and for aught such it may be), 
to beware lest, in such premature and suicidal attempts, the spe- 
cific agents of our own vitality * be not impaired, first of all. Let 
it therefore always be remembered, not to hurt our own constitu- 
tive '^ fermentic," ^ zymotic,'^ or creatorial germ-molecules ; f for 
of such little ones is the kingdom of life itself. 

mesial line, itranipilating (garotting) the drcuUtion of the tongno. The Utter 
fapidl/ twellB to the size of a i maU apple, gagging the entire oral cavity. It ia 
black as ink, and " marbled " as a map. A liquid emetic, artificially adminis- 
tered, produces an instant relief, if jet effectual on the comatose patient, whose 
pulse is low. It is but one of the forms of diphtheria. 

* This refers most particularly to "disinfectants" that are destmctlTe to 
primitire life generally, such as the asphyxiating carbolic acid, effectual in the 
cesspool, but injurious to breathe. 

t The Latin words ffermen and /ermentum are etymological twins,. — the Greek 
and Spanish also frequently substituting an " h," etc., for the Latin " f," as in 
the case of 6pfidc, hermetic and Jirmus ; ferrum and hierro, etc. In a German 
dialect the word " germ " is idiomatically used for yeast. 
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IV. ETHNOLOGY. 

1. On SoMis Peculiarities op the Eskimo Dialect. By WiLr- 
LiAM H. Dall, of Washington, D. C. 

Having devoted some attention for a number of years to mat- 
ters connected with North American Ethnology and Philology, I 
improved the opportunity afforded during the winter of 1869—70, 
by the presence in Washington of two native Eskimo, and ob- 
tained a very large number of grammatical forms of the Repolse- 
Bay dialect. 

These Eskimo, man and wife, are well known throughout the 
country as the people who accompanied Captain Hall, during his 
lectures in this country, and his explorations in the north. Both 
of them spoke enough English to comprehend readily what I 
required ; and a slight knowledge of the dialect of the Western 
Eskimo — acquired during several years' residence and travel near 
Norton Sound, Bering Sea — assisted me in communicating with 
them. 

My conversations with them extended over several months, at 
short intervals ; and the same forms were repeatedly gone over, 
both by asking for the Eskimo rendering of English forms, care- 
fully explained, and by asking for an English equivalent for the Es- 
kimo phrases which I had taken down during a previous sitting. 
In this way I endeavored to eliminate errors as far as possible, and 
while I cannot hope to have succeeded in doing so entirely, yet it 
is probable that, of the several thousand phrases and grammatical 
forms recorded, the majority are mainly correct. 

While the reduction to a grammatical system of the entire mass 
of observations, will be a work of much more labor and time than 
I have yet had opportunity of bestowing upon it ; still, some pecu- 
liarities of the language are so evident to the most superficial 
student that they seem worthy of immediate publication. I have 
been the more impressed with them from the fact that they agree 
essentially with the descriptions of Crantz and Egede, and with 
my own observations upon the north-west coast of America, while 
they do not seem to entirely accord with the views expressed in a 
later work by Kleinschmidt upon the grammar of the Greenland 
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dialects.* The latter adds to its very complex, and by no means 
clear or satisfactory grammatical system, the further complication 
of being written in a very peculiar and awkward German dialect ; 
BO that it is often exceedingly difficult to comprehend his meaning, 
which is biit slenderly elucidated by examples, which are seldom 
rendered into German even when given. Hence the differences 
which I have noticed may be due to a want of comprehension of 
his meaning, rather than to . any great differences in the several 
dialects. That there are differences of some weight between the 
grammatical forms of closely adjacent Eskimo tribes is, however, 
evident from the remarks of the male Eskimo, previously referred 
to, when speaking of the dialect of King William's Land, and 
comparing it with that of his own people at Repulse Bay. 

The discussion of these differences, and the endeavor to eluci- 
date the various special modifications of the substantives and 
other parts of speech, will form the subject of a future paper. At 
present I wish to call attention to the wonderful variety of the 
forms of the verbs, especially the transitive verbs, which exceed 
those of any other known language. 

The transitive verbs in the dialect in question appear to have 
an indicative, subjunctive, potential, and imperative mood. 
Each of these has an interrogative, affirmative, and negative form. 
The imperative has two subordinate forms which may be termed 
absolute and optative. The former orders or demands ; the latter 
begs or entreats. There seems to be no true infinitive. 

The indicative has five tenses : the present, past imperfect, past 
perfect, future, and future perfect, of which the equivalents are, — 
doinffj ju8t done, long since done, wiU do directly^ wiU do by and 
by ; and in some cases there appears to be still another form of 
the past, including the idea of completion, and rendered hy just 
finished doing. 

It is well known that the Eskimo carry the dual form of the 
substantive through the complete declension. The verbs, with 
their suffixes, have changes of the teimination or in the body of 
the suffix, not only to express and to agree with the person, case, 
and number of the subject, but also, in transitive verbs, a similar 
series of changes takes place in that part of the permanent suffbc 
which indicates the object when a personal pronoun. 

The result of this wonderful complexity of suffixes is to multi- 

* Grammatik der gronlandischen Sprache, mit theilweisem EinschluBS des Lab- 
radordialects. Yon S. Kleinschmidt Berlin, 1851. 8to., pp. 182. 
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ply the forms of. the rerb to an extraordinary extent ; and jet it 
would seem as if all the Eskimo spoke grammatically, thongh the 
effort of the mind necessary to retain these yarions forms would 
be stupendous to a European. I call to mind an instance in which 
a young Innuit spoke ungrammatically to one of his comrades, while 
travelling with me, in a matter which offered no room for a double 
entendre^ yet he was the subject of badinage among them for a 
week afterwards ; they also never wearied of ridiculing the bad 
grammar of the Indians and Russians who attempted to speak the 
Innuit tongue outside of the usual trading jargon. 

The total number of inflections in the affirmative indicatiTe 
mood amounts to three hundred and ninety. In the indicative, 
subjunctive, and potential, through the affirmative, negative, and 
interrogative forms, with the addition of the imperative, there is 
a total of over three thousand one hundred inflections, all differ- 
ent and invariable. 

As an example of them, the following specimen of the con- 
jugation of the affirmative form of the indicative mood of the 
transitive verb emiUyUk^ is given. It will be noticed that the in- 
flections are classified with reference to the relations of the sub- 
ject and object, which has appeared the most satisfactory method 
of presenting the structure of the verb. Any table which showed 
the exact relation of each inflection to the others allied to it, 
would necessarily be very complicated, and much less clear than 
the linear system here adopted, though it must be confessed that 
the latter is not without its disadvantages. Aa before stated, per- 
fect accuracy is not claimed for it, indeed, under the circumstances, 
it would be hardly reasonable to expect it ; yet it may be hoped 
that the errors are not very numerous. It has been subjected to 
four several revisions since it was first written out, and it may be 
said in its favor that the Eskimo found but few errors needing cor- 
rection. 

The sounds are as follows : — 

VOWBLS. 

a, as in father. e, as in her. ee, as in sheen. 

i, as in pit. o» ow, as in cow. ii, as in Luke, 

ii, ^ in hut. y, as in ciy. ny, as in ca&on. 

CONSONANTS (USUALLY AS IN ENGLISH). 

eh, as in church. ng\ rolling nasal, 

n, terminating a word after a vowel u, soft nasal, 
y, between two vowels, as a consonant ; as in young. 
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The accent indicates the stress only. It will be observed that 
in a large nnmber of cases this falls on the fourth syllable. 

PARTICIPLES. 
Washing ; Ermik ' tu, — tuk, — tOn. Washed ; Ermigarak ' -tO, — tung, tun. 

INDICATIVE MOOD. 

PRESENT TENSE. 

Ol^ed in the Jirst person nnfftdar. 

SINGULAR. ^ . 

I wash myself. ^nniklO ' nga. 

Thou washest me. Ermi ' ng ' (&h. 

He, she, or it washes me. Ermikpaa' nga. 

DUAL. 

You two wash me. ErmiglQshinga'. 

They two wash me, Er ' ming-mQ ' nga-ik ' wflog. 

FLUBAL. 

Ye wash me. Ermingnya ' k pOssing ' y. 

They wash me ErmithlQ ' Idng-mfl ^ nga. 

Objed in the second person singular. 

SINGULAR. 

I wash thee. . Ermigit^. 

Thou washest thyself. Ermikpee ' n. 

He washes thee. Ermikleetiny'. 

DUAL. 

We two wash thee. Ermingnydk-po ' wQh 

They two wash thee. ErmikpO ' ting-ik ' wilng. 

PLURAL. 

We wash thee. Erming ^ njHik ' pdganam'. 

They wash thee, Ermikpd ' tih, 

Ob(ject in (he ikird person tinguUxr. 

SINGULAR. 

I wash him, her, or it. Ermigld ' gQ. 

Thou washest him, her» oi^ it. Ermikpee ' -Ck. 

He washes him. ErmiktCkngina ' h. 

He washes himself. Ermiktuiu ' ah. 

DUAL. 

We two wash him, her, or it. Erming' nyilkpOgQwy. 

You two waah him, her, or it. ErmigyCkkpQ ' shing. 
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They two wash him, her, or it. 
We two wash each other. 
You two wash each other. 
They two wash each other. 

We wash him, her, or it. 
Ye wash him, her, or it. 
They wash him, her, or it. 
We wash each other. 
Ye wash each other. 
They wash each other. 



PLURAL. 



Ermiktiingd ' ng ^ ing ^ na. 
Ermignyag ' ayOk. 
ErmighCitow ' chOng. 
Ermdkatow ' chQng. 

ErmikahtiQn ' a. 
Ermikplssing-0 ' na. 
ErmiktQngani ' na. 

Ermdkatow' chQ. 
Errndkatow ' chQn. 



Thou washest us two. 

He, she, or it washes us two. 

We two wash ourselves. 
You two wash us. 
They two wash us two. 

Ye wash us two. 
They wash us two. 



Direct in the first person dual. 

SINGULAR. 

Ermiktee ' -fing. 



DUAL. 



PLURAL. 



Ermigliti^'OngF. 

Erming ' nyapOg ' lee-y. 
ErmiglitiyQ'. 
Ermdkatow * tiAkwa. 

Ermikpa ' tiyQ. 
Ermikpa' tiyQng. 



I wash you two. 
He washes you two. 



Object in the second person dual, 

SINGULAR. 

Ermigi ' ting. 



DUAL 



We both wash you two. 
You both wash yourselves. 
They both wash you two. 



PLURAL. 



We wash you two. 
They wash you two. 



Ermikleeshingy' . 

Ermdkatow ' tita. 
ErmiglQ ' tiglu. 
Erming 'yQkpugalee-y'. 

Erming ' nyOkpd' gu-Qk ' wun. 
Ermikpd ' ssing-ak ' wAng. 



I wash those two. 
Thou washest those two. 
He washes those two. 

We two wash those two. 
You two wash those two. 
They two wash those two. 



Object in the third person dual, 

SINGULAR. 

ErmiktQ ' ka. 



DUAL. 



Ermikshee'kO. 
Ermiktiinginik ' wAng. 

ErmingnyOk pa ' gli-ikwa. 
ErmingnjTilik pA ' ting. 
Atanin-akwa-^rmilkatow ' cha. 
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PLURAL. 



We wash those two. 
Ye wash those two. 
They wash those two. 



Ermukatow ' yQmikwtlng. 
Ermikpissee ' ng-Okwdng. 
Ermik ' tOng-ikwiing. 



Thon washest us. 
He washes us. 

You two wash us. 
They two wash us. 

We wash ourselves. 
Ye wash us. 
They wash us. 



Object in the Jirst person plural. 

SINGULAR. 

Ermiktee ' -A. 



DUAL. 



PLURALi 



Ermik pCl ' tiyO. 

ErmiglOtiyOn'. 
Ermithldh-miltiytl-ikwa. 

ErmigA ' tta. 
ErmCkkatowtity. 
Erminyi!Uq)u ' tiyO. 



I wash you. 
He washes you. 

We two wash you. 
They two wash you. 

We wash you. 

Ye wash yourselves. 

They wash you. 



DUAL. 



PLURAL. 



I wash them. 
Thou washest them. 
He washes them. 



Ohfed in the second person plural. 

SINGULAR. 

Ermigich'i. 
ErmikpishiyA. 

Ermikthlilng' nyapow ' Q-Cikwa. 
Ermikpu ' shee-Qkwa. 

Ermakatow ' ti-thlalakty'. 
ErmithlQkpis ^ see. 
Ermik ' tClm-ikwa. 

Olt/ect in the third person plural. 

SINGULAR. 

Ermigi-ilk ' tCin. 
Ermik-shee ' -u. 
Ermik ' -tiingin-ik ' wa. 



DUAL. 



We two wash them. 
You two wash them. 
They two wash them. 
They two wash themselves. 

We wash them. 
Ye wash them. 
They wash them. 
They wash themselves. 

A. A. A. S. VOL. XIX. 



PLURAL. 



Erming ' nya-wd ' wOt. 
Ermingnyakpa ' shingy. 
£rmiktahping-ik ' wa. 
Ermiikato wcha . 

ErmingyOk ' pdn-ikwa. 
Ermik pis ' seeng-ikwa. 
Ermik ' tOng-ikwa. 
Ermiktu' apin-ikwa. 
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I washed myself (lately). 

Thou washedst me. 

He, she, or it washed me. 

You two washed me. 
Those two washed me. 

Ye washed me. 
They washed me. 



PAST IMPERFECT TENSE. 
Object in the first person singular. 

6INGT7LAR. 

ErmiglO ^ nga. 



DUAL. 



PLURAL. 



Ermikawi ' nga. 
Ermikawii ' nga. 

Enmlowdtchi ' nga. 
ErmukowmQ ' nga. 

Ermflkowiit ' chinga. 
ErmOkowd ' nga. 



I washed thee. 

Thou washedst thyself. 

He washed thee. 

We two washed thee. 
Those two washed thee. 

We washed thee. 
They washed thee. 



Otded in the second person singular, 

SINGX7LAR. 

ErmiglQgit'. 



DUAL. 



PLURAL. 



Ermdkowee'. 
Ermdkowii ' U. 

EnnQko-yO ' kpdng. 
ErmQkowilt ' i. 

Ermilkowii ' tiyOn. 
Ikwa-ennikpiit ' i. 



Object in the third person singular, 

SINGULAR. 



I washed him, her, or it. 
Thou washedst him, her, or it. 
He washed him (another). 
He washed himself. 

We two washed him, her, or it. 
We two washed each other. 
You two washed him, her, or it. 
You two washed each other. 
They two washed him, her, or it. 
They 'two washed each other. 

We washed him, her, or it. 
Ye washed him, her, or it. 
They washed him, her, or it. 



DUAL. 



PLURAL. 



ErmOkowii ' ga. 
Ermikowyanu ' na. 
ErmQkow ' yO-u ' na. 
Ermiikowow ' na. 

Ermiikowydk ' pQn. 
Ermilkatow ' tCkkowinQ. 
ErmOkowigiku. 
ErmCikatowtOkowis ' sing. 
Ermakowa ' na. 
Ennikowut\ing. 

ErmikowOt * iOna. 
ErmUkowOt ' chiiin \ 
Ermdkow ' ydng ' (In. 
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Thou waflhedst us two. 

He, she, or it wafihed ua two. 

We both washed ourselves. 
You two washed us two. 
They two washed us two. 

You washed us two. 
They washed us two. 



I washed you two. 
He washed you two. 

We two washed you two. 
You two washed yourselves. 
They two washed you two. 

We washed you two. 
They washed you two. 



I washed those two. 
You washed those two. 
He washed those two. 

We two washed those two. 
You two washed those two. 
They two washed those two. 

We washed those two. 
Ye washed those two. 
They washed those two. 



Thou washedst us. 
He washed us. 

You two washed us. 
They two washed us. 



Object in the first person dual. 

BINGULAR. 

Ermikowig' eeyQ. 
Ermdkowit'y-Ci. 

DUAL. 

ErmOkowun'a. 
Ermdkowiwig ' iyO. 
' ErmCtkowa ' tytXn-Qk ^ wilng. 

PLURAL. 

ErmilowkpCit ' lyQ-ik ' wOng. 
ErmDkowit ' iyd-ak ' wiing. 

Object in the second person dual. 

SINGULAR. 

Ennigld^gilQ. 
Erniikowig ' in-Qk ' wiing. 

DUAL. 

ErmiyilklOk ' pdn-OkwOng. 
Ermilowiviting. 
Ermdkowilsseeng ' -Qkwilng. 

PLURAL. 

ErmOkowOt' iyOn-Qk'wOng. 
Ermiikowiis ' see-Qk ' w(ing. 

Object in the third person dual. 

SINGULAR. 

Ermdkowya ' ka. 
Ermiikaliik '-pigee. 
Ermlkpiig ' ing-ik ' wtUig. 

DUAL. 

Ermiikowyuk ' pQn-uk ' wdng. 
Ermjikowis ' sing-uk ' wOng. 
Ermiikatow ' tCikow ' yung-uk ^ wCkng. 

PLURAL. 

Ermdkydk ' tabdn-Ok ' wdng. 
Ermikkowis ' si-Qng-uk ' wOng. 
Ermukow ' ydng-ik ' wiing. 

Object in the first person plural. 

SINGULAR. 

Ermika ' iQkpit ' eeyOng. 
ErmukowClt ' iyOn. 

•DUAL. 

Ermilowkpit ' eeydn \ 
EnnCtkowat ^ iyOn-Qk' wa. 
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We washed ourselves. 
You washed us. 
They washed us. 



FLXTRilL. 

ErmiikowDt'a. 

Ermilowk piit ' iyu-ik'wiing. 

Ermukowilt ' iyO-uk ' wOng. 



I washed you. 
He washed you. 



We two washed you. 
They two washed you. 

We washed you. 

Ye washed yourselves. 

They washed you. 



Object in tJie second person plural. 

SINGULAR. 

Ermiglich ' i. 
Ermikowig ' in-Dk ' wa. 

DUAL. 

Ermiyuktiik ' pQn-Ok ' wa. 
Ermdkowis ' see-ing-uk ' wa. 

PLURAL. 

ErmdkowCit ' iyun-ak ' wa. 
ErmOkowi ' gi. 
Ermilkowus ' see-Ok ' wa. 



I washed them. 
Thou washedst them. 
He washed them. 



Object in the third person plural, 

SINGULAR. 

Ermilowk ' taka. 
Ermilowk pig ' ee. 
ErmukowCik. 



DUAL. 



We two washed them. 
You two washed them. 
They two washed them. 
They two washed themselves, 

We washed them. 
Ye washed them. 
They washed them. 
They washed themselves. 



ErmOkowyOk ' pun-dk ' wdng. 
ErmQkowis ' sing-OkwOng. 
Ermukatow ' tOkow ' yung-tik ' wa. 
Ermilkow ' ^'ilng-Qk ' wilog. 



PLURAL. 



Ermukowyuk' tabun-uk ' wdng. 
ErmQkowis ' seeyOng-Qk' wung. 
ErmOkowiit' iyOng-uk ' wung. 
Erm-ik ' pun-ik ' wa. 



PAST PERFECT TENSE. 
Ol^ect in ike first person singular. 



I washed myself (loug ago) 

Thou washedst me. 

He, she, or it washed me. 

You two washed me. 
They two washed me. 



SINGULAR. 

Ermikalapung ' a. 
Ermigwuh ' winga. 
Ermilow' ydwCi ' nga. 

DUAB. 

Ermilow ' yuwOtchiog ' a. 
ErmiyOmiing ' a-ik ' wiing. 
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Ye washed me. 
They washed me. 



I washed thee. 

Thou washedst thyself. 

He washed thee. 

We two washed thee. 
Those two washed thee. 

We washed thee. 
They washed thee. 



PLURAL. 

Ermiyuwiit'chinga. 
ErmiyumCing ' a-ik ' wa. 

Object in the second person singular. 

SIKGULAR. 

Ermikalapa'ga. 
Ermilowkpee.' 
Ermiyuwut ' ee. 

DUAL. 

Ermiyuyuk ' pung-Ok ' wilng. 
Ermiyuwut ' i-uk ' wQng. 

PLURAL. 

Ermiyftwiit ' iyun '. 
Ermilowkpiit ' ee. 

Object in the third person singular. 

SINGULAR. 



I washed him, her, or it. 
Thou washedst him, her, or it. 
He washed him (another). 
He washed himself. 

We two washed him, her, or it. 
We two washed each other. 
They two washed him, her, or it. 
You two washed him, her, or it. 
You two washed each other. 
They two washed each other. 



Ermijiiyiik ' a. 
ErmiyQya ' ga. 
ErmiyQyOnga. 
Ermiyuyiihwu'. 

DUAL. 

Ermilowk ' tjikpOng. 
Ermiyu '-(inii. 
Ermilowktung' a-Ona. 
Ermilowyuwizh ' ikQ. 
ErmQkatow ' tiyuwis ' sing. 
Ermiyuwdt ' ing. 

PLURAL. 

Ermilowk ' towOng. 
Ermilkatow ' tiyu-un ' a. 
Ermilowutchiun. 



We washed him, her, or it. 
We washed each other. 
Ye washed him, her, or it. 
Ye washed each other. 
They washed him, her, or it. 
They washed each other. 

Object in the first person dual, 

SINGULAR. 



Ermiyuyiing' dn. 



Thou washedst us two. 

He, she, or it washed us two. 

We two washed ourselves. 
You two washed us two. 
They two washed us two. 



Ermiyu-it ' ee-u. 
Ermilow ' yQ-it ' eeyO. 

DUAL. 

ErmiyuwOn'a. 
Ermilow ' yuwi-wit ' iyu. 
Ermilowyuat ' iyu-ukwilng. 
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PLURAL. 



Ye washed us two. 
They washed us two. 



Ermilow ' yOwOt ' iyO. 
Ermilow ' yOwdt' iyG-Cik' wilng. 



Object in the second person dtud. 



I washed you two. 
He washed you two. 

We two washed you two. 
You two washed yourseWes. 
They two washed you two. 

We washed you two. 
They washed you two. 



SINGULAR. 

Ermikalata ' ka. 
EnniyCi ' wigin-dk ' wilng. 

DUAL. 

Ermilowktuk ' pan-uk ' wflng. 
Ermilow ' yuwis ' sing. 
Ennilow ' yQ-fls ' see. 

PLURAL. 

Ermiyuwiit ' iyQn-uk ' wCing. 
Ermilow ' yQ-us ' see-dk ' wiing. 



Olju'ed in tTie third person dtud. 



I washed those two. 
Thou washedst those two. 
He washed those two. 

We two washed those two. 
You two washed those two. 
They two washed those two. 
They two washed themselves. 

We washed those two. 
Ye washed those two. 
They washed those two. 



SINGULAR. 

Ermigiya'ka. 
Ermita} upee ' yee. 
ErmiyuwiSg' in-ik' wilng. 

DUAL. 

Ermilowk ' tilkpQn-uk^ wilng. 
Ermilowyuwig ' in-dk ' wOng. 
Ermiikatow ' tiyQ ' nilk-uk' wilng. 
Ermiyu ' yiing-Cik ' wilng. 

PLURAL. 

Ermilowk ' tabtkn-uk ' wOng. 
Ermilowis ' siyOng-Qk ' wdng. 
Ermilowk ' tOng-ik ' wilng. 



Thou washedst us. 
He washed us. 

You two washed us. 
They two washed us. 

We washed ourselves. 
Ye washed us. 
They washed us. 



Object in the first person plural, 

SINGULAR. 

Ermitaytlmit ' iyftn '. 
Ermiyiiwut' iyOn '. 

DUAL. 

Ermiyil ' wilt pit ' lyOn '. 
Ermilow 'yQatidn-ik' wilng. 

PLURAL. 

Ermilowilt'a. 
Ermiyuwis ' see. 
Ermiyuyilk ' a. 
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I washed you. 
He washed you. 



O^eet in the second person plural. 

filNQULAR. 

ErmikaUatilk f a. 
Ermiya ' wigin-uk ' wa. 

DUAL. 



We two washed you. 
They two washed you. 

We washed you. 

Ye washed yourselves. 

They washed you. 



EnniyQ' ydhwtlt. 
Ermiyuyilhwook. 



FLURAL. 



ErmilowyOwdt ' iyOn-iik ' wa. 
ErmiyCi-iss ' ing. 
ErmiyOwOt-i ' ik ' wa. 



I washed them. 
Thou washedst them. 
He washed them. 



Olu'ect in the third person plurcd. 

0INOniAB. 

ErmigiyQk'a. 



We two washed them. 
You two washed them. 
They two washed them. 
They two washed themselves. 

We washed them. 
Ye washed them. 
They washed them. 
They washed themselves. 



ErmiyQwig'ee. 
ErmiyuwOg' in-ik' wa. 

DUAL. 

ErmilowyOyiikpan . 
Ermilowyuwissigin-Okwa. 
EnnQkatowti^iin-ukwa. 
ErmilowyQ-Cis ' see-ik' wa. 

FLURAL. 

Ermilowk ' tabilnuk ' wa. 
Ermilowis ' seeyQng-Ok ' wa. 
Ermilowk ' tung-ik ' wa. 
Enniyd '-i&ii-ik ' wa. 



FUTURE TENSE. 
Object in the first person singular. 

SINGULAR. 



I will wash myself (directly). 
Thou wilt wash me. 
He will wash me. 

You both will wash me. 
They both will wash me. 

Ye will wash me. 
They will wash me. 



ErmOkow ' imQlIi. 

Erming ^ nya ' Idk-pilng ' lUli. 

Erming ^ nya' iQkpa ' ga. 

DUAL. 

Ermingnyas ' nOk-pOtsinga'. 
Ermig' iyCl-nya' lu-nittiuga'. 

PLURAL. 

Ermignya ' luk-pOtchingF . 
Ermingnya' iQk-pQng' a. 
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Object in the second person singular. 

SINGULAR. 

I will wash thee. Ermukowi' wee. 

Thou wilt wash thyself. Ermingnya ' lOk-pdti. 

He will wash thee. Ermingnya ' iQk-piltil ' li. 

DUAL. 

We two will wash thee. Ermingnyalflriwdt ' ing. 

They two will wash thee. Ermigiyu' nyalQ-nitchiiiga'. 

PLLTtAL. 

We will wash thee. Ermingnya ' liik-p(itigil ' li. 

They will wash thee. Ermingnya ' lOk-piig ' in. 

Object in the third person singular, 

SINGULAR. 

I will wash him, her, or it. Ermingnya' -tOee ' nOk-pOng ' a. 

Thou wilt wash him, her, or it. Ermila ' lUk-pul ' li. 

He will wash him, her, or it. Ermingnya ' luk-pagdl' li. 

He will wash himself. Ermingnya' iCik-piin'. 

DUAL. 

We two will wash him, her, or it. Ermingnya ' lilk-tow(ing ' na. 

We two will wash each other. ErmClkatow' ti-nya' lOk-pOn' i. 

You two will wash him, her, or it. Ermingnya ' snOkpOssig ' li. 

You two will wash each other. Ermukatow ' ti-nya' lukpus ' si. 

They two will wash him, her, or it. Ermi' giyu-nya'lu-row'igin. 

They two will wash each other. Ermdkatow ' ti-nyaliik' tilng. 

PLURAL, 

We will wash him, her, or it. Ermignya 'liikpCiwOl ' li. 

Ye will wash him, her, or it. Ermingnya Muktilk ' i. 

They will wash him, her, or it. Ermigiyunya ' lukOnu. 

We will wash each other. Ermukatow ' tiknya ' lilkpus ' see. 

Ye will wash each other. ErmOkatow ' tQnya' luktun. 

They will wash each other. Ermukatow ' tinya' luktun. 

Object in the first person dual. 

SINGULAR. 

Thou wilt wash us two. Ermila ' lilkpug ' li. 

He, she, or it will wash us two. Ermingnya' Idkpug' li. 

DUAL. 

We two will wash ourselves. Ermingnya ' lOpugtow. 

You two will wash us two. Ermingnya ' riwu ' wu. 

They two will wash us two. Ermigiyu ' nya ' iQmig ' ilnO. 

PLURAL. 

Ye will wash us two. Ermingnya 'lOktiihwilm ' my. 

They wUl wash us two. Ermigiyd ' nya ' lukmOng ' a. 
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Otject in the second person dual. 

SXNOULAB. 

• 

I w31 wash joa two. Enndkowmigiit ' ching. 

He will wash yon two. Ermingnja' Idk pOs ' sing. 

DUAL. 

We two will wash yon two. Ermingnya ' ICkriwissee ' iig\ 

You two wDl wash yourselves. Ermingny&k pOs ^ sing. 

They two will wash you two. Ennigiya ' nyaldrOtiktoV. 

PLURAL. 

We will wash you two. Ermingnya ' Idkpiitigig ' li. 

They will wash you two. Ermingnya ' lilk pQs 'sigli. 

Olifeci in the third person dual. 

SD7GULAR. 

I will wash those two. ErmigijriUkowissee ' ng\ 

Thou wilt wash those two. Ermingnya ' migdtchee ' ng\ 

Ye will wash those two. • Ermingnya ' Kik pQ ' wa. 

DUAL. 

We two will wash those two. Ermingnya ' laktow ' tlng-Ok ' wCbig. 

You two will wash those two. Ermingnya' lOkpdt' ing-Qk ' wiing. 

They two will wash those two. Ermigi-d * miCltiktow.' 

PLURAL. 

We will wash those two. Ermignya ' lOkowdl ' li. 

Ye will wash those two. Ermingnya ' iCiktdk ' Otow. 

They will wash those two. ErmigiyQnya ' iQk-mOt ' ting. 

Ol^'ect in thefirst person plural. 

SINGULAR. 

Thou wilt wash us. Ermila ' lOk-pOttil ' li. 

He will wash us. Ermingnya ' lilk-passil ' li. 

DUAL. 

You two will wash us. Enningnya ' Idk ptttsil ' li. 

They two will wash us. Ermigiyunya ' lOmidtiking'. 

PLURAL. 

We will wash ourselves. Ermingnya ' lOkpawdd ' li. 

Ye will wash us. Ermingnya ' Idkpatsee'. 

They will wash us. ErmigyQnya ' iQk mQt ' ta. 

Otjeci in the second person plural. 

SINGULAR. 

I will wash you. Ermdkowmigtit ' chee. 

He will wash you. Ermingnya ' iClkpOssillich ' i. 

DUAL. 

We two will wash you. Ermingnya ' ICkriwis ' see. 

They two will wash you . Ermigijrti-nya ' iQrQt ' iko . 
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PLURAL. 

We will wash you. firmignja ' iQriwu ' wut. 

Ye will wash yourselves. Ermignya' lakpQtiiigL 

They will wash you. Ermingnyaluk-paa ' nga» 

Object in the {hird person plural. 

SIKOULAR. 

I will wash them. Ermingnya' lOkpQng' a. 

Thou wilt wash them. Ermingnya ' Iflk pig ^ in. 

He will wash them. Ermingnya ' lOk pUkOl' IL 

DUAL. 

We two will wash them. Ermingnya ' iCiktow ' Qng-Ok ' wa. 

You two will wash them. Ermingnyalilkpils ' si. 

They two will wash them. Ermignya' lardtiktoV. 

They two will wash themselves. Ermigiyu ' nyalOrdm ' ming. 

PLURAL. 

We will wash them. Ermignya ' Idkriwis ' see. 

Ye will wash them. Ermingnya 'iQktdk' a. 

They will wash them. Ermingiyiinya ' lOkrOt ' ta. 

They will wash themselves. Ermingnyak ' tQn. 

FUTURE PERFECT TENSE. 
Object in the first person singular. 

SINGULAR. 

I will wash myself (sometime). Ermi3ruma' ha-mOl * li. 

Thou wilt wash me. ErmiyQla ' ICkk-piingOl ' IL 

He will wash me. ErmiyQma ' liUc-pa ' ga. 

DUAL. 

You two will wash me. ErmiyClmak' snilk-pdtsing 'a. 

They two will wash me. Ermigila ' iQ-nlt ' tinga. 

PLURAL. 

Ye will wash me. ErmiyQma ' Idk-piHtch ' inga. 

They will wash me. ErmiyQma' lOk-pdng'a. 

Objed in the second person singular. 

SINGULAR. 

I will wash thee. Ermila '-i-wee. 

Thou wilt wash thyself. Ermila ' lak-pat ' i. 

He will wash thee. ErmiyQma ' iQk-pQtil ' li. 

DUAL. 

We two will wash thee. ErmiyQma ' iQriwQs ''sing. 

They two will wash thee. Ermigila ' iQ-rQt ' ching. 

PLURAL. 

We will wash you. ErmiyQma' iQk-pQtigil ' li. 

They will wash you. ErmiyQma ' luk*pClg ' in. 
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Object in the third pemm singuiar. 

SINGULAR. 

I will wash him, her, or it. Ermiyama' snOk-pllkn^ gtt. 

Thoa wilf wash him, her, or it. ErmiTama ' lOk-pOl' li. 

He will wash himself. EnniyOma' Idk-pun.^ 

He will wash him (another) . ErmiTama' lOk-pagdl ' li. 

DUAL. 

We two will wash him, her, or it. ErmiTQma ' iQktowiliig ' na. 

We two will wash each other. ErmOkatow ' tila ' iQkpan ' i. 

Ton two will wash him, her, or it. ErmiyOma ' iQkpdssig ' 11. 

Ton two will wash each other. ErmAkatow ' tilalilkpus ' si. 

They two will wash him, her, or it. Ermigila' iQrowig' in* 

They two will wash each other. Ermdkatow ' tUdkteing'. 

FLURAL. 

We will wash him, her, or it. Ermiyama ' iQkowag' li. 

We will wash each other, ErmQkatow ' tikyamalAk pQs ^ see. 

Te will wash him, her, or it. tirmiyflma ' iQktds ' sing. 

Ye will wash each odier. ErmCkkatow ' tayOma' IdkftQn^. 

They will wash him, her, or it. Ermila ' IdkowQ.' 

They will wash each other. Enndkatow ' tila ' UiktOn'. 

Ol^'ed in the first person dual, 

smouiAR. 

Thou wilt wash us two. Ermigiyula ' lukpOg ' IL 

He, she, or it, will wash us two. Ermiyama ' K&kpag ' li. 

DUAL. 

We two will wash oursdves. Ermila ' Idk pdg ' tow. 

Tou two will wash us two. Ermingyama ' ri-wa ' wQ. 

They two will wash us two. Ermigila/ luwig ' illnO. 

PLURAL. 

Ye will wash us two. Ermiyama ' lAk-tdhwiim^ mi. 

They will wash us two. Ermila ' K&kmQng ' a. 

Obiect in the second person dual. 

aiNOULAR. 

I win wash you two. ErmiyQma ' imeedt ' cfaing. 

He will Wash you two. Ermiyama ' lOk pQs^ sing. 

DUAL. 

We two will wash you two. Ermiyama ' lariwis ' seeng\ 

You two will wash yourselves. Ermiyama ' lakpQs ' seeng\ 

They two will wash you two. Ermigila ^ larQUktow.' 

PLURAL. 

We will wash yon two. * Ermiyama Mak-pdtigig' li. 

They will wash you two. Ermiyama ' lOk-pOs' sigli. 
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Otffect in the ihird person dual. 

SINOULAB. 

I will wash those two. ErmiTama ' reewis ' 8eeiig\ 

Thou wilt wash those two. ErmiTQmalo ' rawis ^ 8eezig\ • 

He will wash those two. ErmiyOma ^ Ittk pO ' wQ. 

We two will wash those two. Ermiyuma ' lilktowAiig-Clk ' wCkng. 

Ton two will wash those two. ErmigTama ' K&k pAs ' sing. 

They two will wash those two. ErmigirQngia' iC&ktik' tow. 

FLT7RAL. 

We win wash those two. Ermiyama ' lOkowfll ' 11. 

Ye will wash those two. Ermiyuma ' iQktOk ' titow. 

They will wash those two. Ermigila ' la-mtit ' ting. 

Oljed in the first person plural. 

8INQULAB. 

Thou wilt wash us. ErmiyQla ' iQkpQssil ' li. 

He will wash us. Enniyama ^ Idkpassil ' li. 

DUAL. 

You two will wash us. ErmigyOma ' lOkpCltsil ' H. 

They two will wash us. Ermigla ' Idmi-iit ' iking. 

PLURAL. 

We will wash ourselves. Ermiytlma ' Iflk-pQwud ' li. 

Ye will wash us. Enniyuma ' luk-pdtsee^. 

They will wash us. Eimigila ' la-mdt ' ta. 

Object in the second person plural. 

SINGULAR. 

I will wash you. EnniyQma-imeeilt^ chee. 

He will wash you . ErmiyOma ' lOk-passiUich ' i. 

DUAL. 

We two will wash you. ErmiyOma ^ lariwis ' see. 

They two will wash you. Ermig^' laratikQ'. 

PLURAL. 

We will wash you. Ermiyama ' lOriwa ' wttt. 

Ye will wash yourselves. Ermiyt^ma ' Idk-pCkt ' ingy'. 

They will wudi you. ErmiyOma ' Uik-paang ' a. 

Oiiject in the third person plural. 

SINGULAR. 

I will wash them. Ermila ' lak pang ' a. 

Thou wilt wash them. ErmiyQla' iQk pigeen\ 

He will wash them. ErmiyOma ' lOk-pOkill ' li. 
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We two will wash them. 
You two will wash them. 
They two will wash them. 
They two will wash themseWes. 

We will wash them. 
Ye will wash them. 
They will wash them. 
They will wash themselves. 



DUAL. 

ErmiyQma ' lilk-towQng-Ok 'wa. 
Ermigyuma ' iCik-pCIs ' si. 
Ermigama' larfltiktoV. 
Ermigila ' Ifl-rC&m ' ming. 

FLURAL. 

ErmijrOma ' ICkriwis ' see. 
ErmiyOma ' ICLktQk ' a. 
ErmiyCima ' lardt ' ta. 
EnniyQma ' lukak' tOn. 



The remaining forms, or the majority of them, including ex- 
amples of^ and in many cases the whole of each mood, tense, etc., 
in its several forms, are in coarse of preparation. 



C. PRACTICAL SCIENCE. 



I. MECHANICS. 

1. On Pboposbd Impboybmbnts fob Common Boads. By S. 
D. Tillman, of Jersey City, New Jersey. 

If durability be the most essential quality in a good road, the 
ancient Romans excelled in the art of road-maldng. Of the 
twelve famous highways leading into their capital, vestiges of 
which are still to be seen, the Appian Way was the oldest, Origi- 
nally its length was one hundred and forty-two miles ; at a later 
period, it was extended to three hundred and eighty. It con- 
sisted of large blocks of smooth stone, accurately fitted together for 
the use of carriages, and a foot pavement on each side two feet 
wide. A part of the Tiburtine road, near Tivoli, still remains un- 
disturbed, having been in use more than two thousand years. 
One of the most remarkable roads of which we have any account 
was that leading from Quito to Cuzco, built by the ancient Incas 
of Peru, nine hundred miles long, and seventy-five feet wide. Ac- 
cording to Prescott, the historian, ^' it was conducted over path- 
less sierras covered with snow; galleries were cut for leagues 
through living rook; rivers were crossed by means of bridges 
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Bnspended in the air; precipices were scaled by stairways hewn 
out of the natural bed ; and ravines of hideous depth were filled 
up with solid masonry.'* 

However much we may admire the massiveness and permanency 
of ancient roads, when estimated by the modern standard of 
utility, such. structures are found not to meet the requirements of 
this practical age. Modem engineering has demonstrated that 
speed, certainty, and safety are the three great requisites of inter- 
conmiunication. An absolute and complete change in the means 
of travelling has been wrought by the introduction of the railway 
and the locomotive. One has given us a perfectly smooth and 
solid pathway of easy grade, its great economy being in its reduc- 
tion to such narrow width as to sustain only two wheels, which are 
kept securely thereon by means of flanges ; the other has provided 
a moving power ever ready and reliable, untiring in its energies 
and matchless in its speed. The change thus wrought in our own 
country, where the railway system is far more exteusive than in 
any other, was more marked, because the ordinary roads had not 
been much improved, and were in a condition similar to those of 
England a hundred years before. The once famous turnpike ex- 
tending from Albany to Buflalo, over one hundred feet in width, 
had been covered throughout its middle section, more than once, 
with broken stone, which, by the action of rain and frost, disap- 
peared beneath the rich soil. Only forty years have elapsed since 
numerous stage coaches were running over this turnpike, making, 
during summer and winter, an average speed of eight or ten miles 
an hour, while in the 'spring and fall it did not equal that of the 
passenger boats on the Erie canal. 

Previous to the introduction of the railway, numerous experi- 
ments were made for the purpose of improving the common high- 
ways, and more especially the pavements of cities and large towns. 
Of stone pavements, the cheapest and most objectionable is the 
cobble-stone ; superior to this is the Belgian pavement, which con- 
sists of rough stone cubes, imbedded in sand. The most durable 
and costly, yet, in the end, cheapest stone pavement consists 
of stone blocks, about three inches thick and twelve inches square, 
set on end, with their broadest fsices in contact and resting on a 
bed of concrete, like that now on Broadway, in the city of New 
York. Professdf Mahan, in his essay on ^ Road-Making," states 
that asphaltic pavements — consisting of bitumen and sand — and 
wooden pavements have been extensively used in Europe, but 
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seem not to have answered the desired purpose. The most popu- 
lar pavement in this country at present is made of wooden blocks, 
resting on a wooden foundation covered with bitumen, and sepa- 
rated from each other above by means of a thin partition of bitu- 
men and gravel. The ease with which the horse travels on this 
pavement, and the almost entire absence of noise, are strong 
points in its favor. The question as to its durability on much- 
travelled thoroughfares has not yet been definitely settled. Roads 
made on the plans of Macadam and Telford are not used in the 
business streets of American cities, on account of the fine grit and 
dust resulting firom the action of horseshoes and wheel-tires. It 
is needless to say, none of the plans alluded to fulfil all the condi- 
tions of a perfect pavement ; since none of them embrace the 
admirable peculiarity of the railway, in providing for the wheel a 
perfectly smooth pathway. Obviously, the smooth, solid surface, 
on which great speed is attained by meaA of the locomotive, 
would on the common highway result in somewhat increased 
speed, with a great decrease in the power required to produce that 
speed ; in other words, all loads could be transported more rapidly 
by employing not over one-third the number of horses now used 
to do the same work, and with far less wear and tear. To illus- 
trate this point, let us take the most perfect pavement, — that 
already alluded to on Broadway, — where a pair of horses attached 
to an omnibus draw less than one-fourth the load drawn by a pair 
of horses attached to a street-railway car. Each of the wheels of 
an omnibus, in passing from one stone, falls slightly, and rises as 
much by sudden contact with another ; thus a series of concus- 
sions are made by each wheel, which jerk the horses, jolt the pas- 
sengers, and jar the vehicle. The number of noisy concussions 
thus made by an omnibus, in passing over one mile on the Broad- 
way pavement, is about 63,000, and in one day's travel, of thirty 
miles, is 1,890,000. 

It may be asserted with truth that the concussions are not so 
great on wooden pavements, as is proved by the absence of noise. 
This result is owing to the fact that wood is more elastic than 
stone, and ^ves slightly under pressure; yet, in this fact, lies the 
proof that a loaded wagon can be drawn with less efibrt over a 
good stone pavement than over one of wood ; which will be appar- 
ent, if we reflect that the wheel, by its great pressure on the 
wood, is constantly sinking slightly below the general surface, and 
thus constantly forming an impediment before it which must be 
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overcome. When the wood is wet the smking of the wheel is 
perceptibly increased. According to the experiments made hj Sir 
John Macneill, to determine the force of traction for one ton on 
level roads, it was found that on a gravel road the force is one 
hundred and forty-seven pounds ; on a broken stone surface, laid 
on an old flint road, sixty-five pounds ; on a broken stone road, 
covering a rough stone pavement bottom, forty-six pounds ; on a 
good stone pavement thirty-three pounds. To this it may be added, 
that the force on a railway is eight pounds ; in other words, that 
one horse will draw on a railway more than four can on a good 
stone pavement. Nicholas Wood, in his treatise on railways, esti- 
mates the force of traction for one ton on a smooth turnpike road 
at seventy-three pounds, and on railways at eight and one-half 
pounds ; that is to say, two horses will draw more on a railway 
than seventeen horses can on an English turnpike. 

The important prolftem now presented, is to construct city pave- 
ments so as to embrace the essential features of the railway. Its 
successful solution depends on the following conditions : — 

Ist. To form a solid and virtually smooth surface of an unyield- 
ing material, on which the carriage wheels may roll. 

2d. To provide a foothold for horses in passing over such sur^ 
face. 

If the material used for this purpose is stone, in small blocks, 
we find by experience that, when laid with the utmost care, there 
is always a space left between these blocks, over which the wheel 
must roll ; and in passing from a stone the wheel strikes the next 
with a blow proportionate to the load it sustains, the effect of 
which is to wear off the edge of the stone ; and the wheel passing 
in an opposite direction wears off the opposite edge, so that the 
space between the stones is gradually widened, thereby increasing 
the force of the blow by the wheel ; and thus such stones, in time, 
become rounded on two sides, and in that form are hardly more 
efficient than cobble-stones. 

If the material employed were iron, it might be cast in hollow 
blocks so as to be interlocked, and its face could be provided with 
a series of smooth, raised surfaces, alternating with depressions or 
indentations ; and the raised surfaces could be so arranged that the 
wheel would be constantly sustained on a- true grade by rolling 
over one raised surface, which should touch the middle of the tire, 
or rolling over two raised surfaces which, either simultaneously or 
alternately, would give a bearing to the wheel-tire near its sides. 
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The transverse depressions thus fonned allow the toe-cork, or fore 
part of a horseshoe, to sink below the raised or grade surface, and 
by means of such surfaces the horse would find a sufficient bearing 
against which to exert the leverage of his £bot. 

Cast-iron blocks thus made might cover the whole surface of a 
street ; but as the cost of such a pavement would be a serious ob- 
stacle to its general adoption and use, the more feasible plan is to 
provide an iron pathway or tramway for each wheel of the vehicle, 
and fill in the spaces between such iron pathways with either 
stone, wood, or asphaltic compositipn, thus providing a pathway 
for the horse. A pair of iron paths, each about one foot wide, 
and placed four feet and a third apart, would provide a tramway 
suitable for vehicles of various widths, embracing the pleasure car- 
riage, cart, lumber-wagon and omnibus, and a pathway for a pair 
of horses between such tracks. The tramway could be made of 
hollow cast-iron blocks, each about a foot long, with a projection 
on one end and a recess on the other, so that when brought 
together and interlocked, the pressure on the edge of one block 
would be transferred to the centre of the next. Such blocks 
could be laid directly on pure sand, or be filled in from beneath 
with wood, and laid on a perfectly soUd and smooth foundation. 
The tramway could also be constructed of longer wrought-iron or 
cast-iron plates, having longitudinal ribs or webs underneath to 
strengthen them ; each resting securely, by means of spikes, on 
one-half of the top of a wooden post set in the ground, and reach- 
ing below the action of frost. This plan would give a permanent 
pathway for the wheel, independent of that for the horse ; and 
also would be unaffected by any changes which the surrounding 
earth might undergo by the action of water or frost. The face of 
such tramway could be composed of alternating smooth elevations 
and depressions, of a series of narrow ribs running longitudinally, 
or of a smooth surface, having on it one or more lines of elevations 
and depressions, so arranged as to provide a foothold for horses, 
and, when placed on the edges of the tramway, to allow wheels to 
pass obliquely over it without sliding. 

A single pair of iron wheel-paths of this description, placed in 
the middle of a street not much used, would accommodate all car- 
riages which, in this case, would have to turn off from the track 
in passing each other. In a more busy street two pair of tram- 
ways would accommodate carriages going in opposite directions. 
In still more crowded streets four pair of tramways could be laid 
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down, — two for loaded teams moving slowly in opposite direc- 
tions, and two for carriages moving more rapidly in opposite direc- 
tions, and on great central thoroughfares, like Broadway in the 
city of New York, my plan is to lay down longitudinal iron paths, 
from six to nine inches in width, alternating with stone, wood, or 
asphaltic footway for a single horse about two feet in width, so as 
to fill up the whole width of the street with alternate wheel-ways 
and horse-ways. It need hardly be added that such tramways 
would make the use of the steam carriage practicable. 

Such, briefly stated, are the main features of the iron tramway 
system, which, if introduced on common roads, would add to the 
comfortis of the pleasure carriage, save the wear of vehicles, make 
every horse four times more efficient, and, in fine, work a revolu- 
tion as radical and beneficial as that which followed the introduc- 
tion of the railway. 



2. On Impbovements in Inijlnd Navigation. By Samuel D. 
Tillman, of Jersey City, N. J. 

The canals and navigable rivers in the territory of the United 
States form a network of transit, unrivalled in extent and im- 
portance. In the State of New York alone, the artificial water 
channels of communication have a total length of nearly one 
thousand miles, of which eight hundred and ninety-three miles be- 
long to the State. The connection with rivers and small lakes 
makes the whole distance now navigated by New York canal boats 
about 1,350 miles. On the twenty canals owned by the State are 
565 stone locks, which, if placed in a continuous line, would ex- 
tend nearly seventeen miles ; and the bridges over these canals, if 
placed end to end, would form a line of equal length. The Erie 
canal, seventy feet wide and seven feet deep, is carried over seve- 
ral rivers and large streams on stone aqueducts of unequalled' mag- 
nitude. Some idea may be formed of the business done on the 
New York canals by the following official statements : — 

From 1859 to 1866, inclusive, 12,850 canal boats were built and 
registered, having a carrying capacity of 1,291,497 tons. During 
these years the aggregate movement on all the canals amounted to 
39,433,625 tons. For twenty years preceding 1867 the tolls col- 
lected amounted to $65,815,411 ; the yearly average being $3,090,- 
770. After deducting the cost of maintenance, the average annual 
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surplus revenue from the canals was found to exceed 12,319,500. 
From 1854 to 1865, inclusive, the 'average freight paid for moving 
one ton one mile on the canals, was nine mills and one-tenth of a 
mill, while the average freight paid during the same time for mov- 
ing one ton one mile on the New York Central and Erie Railroads, 
was 2^V(r <^i>ts, showing that during those years the cost of 
transportation on railways was nearly three times greater than that 
on our canals. Boats carrying 210 tons burden are now used on 
the Erie canal ; the enlarged locks being eighteen feet wide and 
two hundred and ten feet long between the quoins. The boats 
are mostly moved by animal power, at a cost of thirty-eight cents 
each per mile, except on the rivers and lakes, where they are taken 
in tow by steamboats. The average speed of canal boats of the 
largest class moved by holies does not exceed two miles an hour, 
and as only three horses can be employed with advantage to each 
boat, it follows that any further increase on the size of canal boats 
would involve a corresponding decrease in speed when moved by 
animal power. According to the able report for 1868 by the Hon. 
Van R. Richmond, New York State Engineer and Surveyor, the 
resistance to be overcome in moving a loaded canal boat at a speed 
of two miles per hour, calculated from Dubuat's formula, as modi« 
fied by D'Aubisson, is 428 pounds. The force required to develop 
the standard value of a horse-power at two miles per hour is 
187^ pounds; deducting one-sixth for oblique action, leaves the 
force exerted in the direction of the bo<at's motion equal to 156^ 
pounds. From experiments made in France in towing barges on 
the Languedoc canal, it was found that ordinary horses exerted 
an average effort of 143^ pounds for six consecutive days, at a 
speed of two miles per hour. Consequently an Erie canal boat, 
which partakes of the general build of the Languedoc barges, 
would require three horses to move it at the rate of two miles per 
hour. The resistance of a vessel varies as the square of its speed, 
and the power to move it varies as the cube of its speed. This law 
seems to have been overlooked by some of those who have at- 
tempted to move canal boats at comparatively high speed by 
means of steam power. They have recognized the truth of only 
a part of the proposition, namely, that the resistance varies as the 
square of the speed ; that is to say, if a boat requires eight horses 
to overcome the resistance at four miles an hour, to double its 
speed would require four times eight or thirty-two horses ; yet it 
is evident that this power must be applied while the boat is moving 
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double the distance first made, therefore the number thirty-two 
must be doubled, which gives sixty-four horses as the measure of 
power required to move the boat at the rate of eight miles per 
hour. This law, however, cannot be strictly true for all forms of 
vessels, and in navigating canals there are other conditions which 
modify the result, as, for instance, the wave of displacement, which 
rising high in shallow water would seriously impede a vessel, but 
were its form so improved as to allow the water to be^n to close in 
when only one-third of her length had passed, and were its speed 
at the same time increased to a certain point, this wave of displace- 
ment would be brought into such relative position that it would no 
longer impede the vessel. However, the carrying capacity of a 
canal boat being paramount, its form must not be modified so as to 
favor increased speed ; thus with this class of vessels the law will 
still hold gQod, to double the velocity the propelling power mnst 
be increased eightfold. If a loaded canal boat is moved at the 
rate of two miles an hour with three horses, and at the rate of 
four miles an hour with twenty-four horses, the obvious deduction 
is that it is impracticable to move such boats by horse-haulage at 
the rate of three miles per hour, and quite as impracticable to 
move them by steam power at a speed greater than four miles an 
hour. 

The plan of moving several canal boats by one steam tug is ob- 
jectionable, because the whole moving power is concentrated at 
one place, and acts upon a very limited quantity of water. The 
same power divided into four equal amounts, and acting on four 
times the quantity of water would be more effective. Such boats 
are most liable to delays, and are utterly helpless when detached 
from the steam-tug. 

The successful navigation of canals seems to me to depend on 
the following conditions : — 

1. Each boat should be automatic, that is to say, self-propelling. 

2. The build of the boat should be such as to give it the great- 
est carrying capacity. 

3. To economize space and power, the boiler and engine should be 
small and capable of moving the boat, when loaded, at an average 
speed of three miles an hour. This rate is about double the present 
average speed of loaded boats. 

4. The propelling power should act directly against the water, 
and not against the bottom or sides of the canal. 

5. If we turn to nature for lessons in propelling, we observe 
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that the Blow-moving fish of our fresh-water streams have broad 
tails bounded by a nearly vertical line ; while those remarkable for 
speed have v-shaped tails, the extremities of which are capable of 
very quick motion. Applying this principle to slow-moving boats 
we infer that a quick motion is not so essential as a large area of 
propelling surface. 

6. The width of the boat and its draft should only limit the 
extent of water against which the propelling surface should 
act. 

7. The boat should be made more obedient to the helm by en- 
larging the rudder surfaces, and arranging them so as to act on 
shallow water more efficiently than by the common method. These 
conditions would be fulfilled for the most part by building the 
boat with four sterns, and placing behind each a propeller ; or by 
giving the boat a scow-shaped stern, and arranging behind it four 
screw propellers, placed side by side and nearly as deep in the water 
as the bottom of the boat, from which would project iron bars for 
their protection. The locks being eighteen feet wide, the propel- 
ler blades could be nearly four feet six inches in diameter, and 
whether the boat were light or loaded these propellers would act 
on the water under the best possible conditions. Behind each of 
these propellers should be placed a balanced rudder, which, 
under these conditions, could be made one-fourth lighter than 
usual ; and the tiller of each should be connected by a movable 
joint with one bar extending nearly across the boat, behind which 
the steersman could guide the boat by only exerting strength suf- 
ficient to overcome the friction of the apparatus. 

A boat embracing the improvements here suggested has not yet 
been constructed; but from careful estimates based on reliable 
data, I feel warranted in saying that such a boat, when loaded, 
could be moved at a speed of three miles an hour, with an expen- 
diture not exceeding that now incurred in towing a similarly 
loaded boat at the rate of two miles an hour by means of horses. 
The saving thus effected would be between one and two million 
dollars per annum, on the present business of the canal. A large 
portion of the carrying trade has been diverted from canals, solely 
on account of the time consumed in transportation ; we may 
reasonably infer that an acceleration of speed of about fifty per 
cent would greatly increase the amount of goods transported by 
these cheap modes of conveyance, and thus correspondingly in- 
crease the revenue which the State derives from its canals. 
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HISTORY OF THE MEETING. 

The Nineteenth Meeting of the American Association for the 
Advancement of Science was held at Troy, N. Y., commencing on 
Wednesday, August 17, and continuing to Wednesday afternoon, 
August 24. 

One hundred and eighty-eight names are registered in the book 
by members who attended this meeting. One hundred and seventy 
new members were chosen, of whom one hundred and eleven have 
already signified their acceptance by paying the annual assessment, 
and, when practicable, signing the constitution. One hundred and 
forty-four papers were presented, many of which were read, and 
some of them discussed at length. 

The general sessions of the Association were held in the Court 
House. The Sections were amply accommodated, partly in the 
Court House, and partly in the spacious halls of the Willard Fe- 
male Seminary. 

At about 10 o'clock, aji;., on Wednesday, the members were 
called to order by Col. J. W. Foster, the retiring president, who 
announced that owing to the illness of Prof. William Chauvenet, 
President, Dr. T. Sterry Hunt, Vice-President, would preside over 
the deliberations of the Convention. Mr. F. W. Putnam, of Sa- 
lem, was nominated as Oeneral Secretary of the meeting, and 
unanimously elected. The Divine blessing was then invoked by 
Chancellor Ferris of the University of New York. 

The Association was then introduced to His Honor IJri Gilbert, 
Mayor of the city, by Hon. John A. Griswold, Chairman of the 
Local Committee, in the following address : -«- 
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Mr. President, Gentlemen, Members op the Amekicak As- 
sociation FOR THE Advancement of Science: — 

It is my special privilege and pleasure to greet you on this occa- 
sion, and to offer you the first salutation of welcome to our city. 
I do not know whether our Mayor will succeed in calling your 
attention to any special objects of interest here ; and yet I indulge 
the hope that your visit will not be without some pleasure, as I 
know it will not be without profit. At all events our rivers and 
our railroads furnished you means of easy access to come among 
us, and I shall indulge the hope that it will be no special source of 
congratulation to you that they may furnish equally easy facilities 
for going away from us. 

We are eminently a busy people. There are few of the rem- 
dents of Troy who are not willing to bear their portion of the 
burthens of the day, but considering your presence here, there are, 
I regret to say, too many who, while willing to bear the burthens, 
are unwilling to bear the heat of the day. If, then, you meet 
with a somewhat restricted hospitality it is because so many of our 
citizens are held at the watering-places and in the shades of the 
country, whose residences, otherwise, would be thrown open to a 
most hospitable welcome to you. No doubt we are exposed to be | 

judged wrong under the circumstances, and yet, as one of its citi- 
zens, I beg you to consider the time and the season. We have 
citizens of Troy even in greater number than you may meet, and 
if you chance to fall upon the congregation of one of our churches 
of a Sunday, and find it fewer than you had a right to expect, do 
not suppose that our habits of church-going are in accordance 
with the representation there. 

So, because our school-houses are closed, I beg of you not to in- 
fer that we are insensible to the cause of education. We point 
with some little pride to both school-houses and churches, and I 
have no doubt the Mayor will call your attention to some of our 
leading institutions — our Rensselaer Institute, to the presence of 
whose professors among you I suppose we are more indebted than 
to any other one cause for your meeting in this city. That insti- 
tution we point to as the pioneer in this country of its kind. For 
fifty years it has been sending out its students of practical science, 
and to-day from all over the civilized world, from every depart- 
ment of life, and from every stage of society, its graduates reflect 
back credit and honor upon the institution. 
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So, too, gentlemen, of our Troy Female Seminary, upon the op- 
posite side of the road from where we are now sitting. That is 
foremost among the institutions of its kind in the country. It, 
too, bears the hallowed sanctity of time, howbeit its founder and 
architect has, within the present year, been carried to her final 
resting place in the shades of our Oakwood. Mrs. Emma Willard 
went down from among the representative women of the world 
full of years, and with the blessings and benedictions of those who 
knew her long, her able, and her beneficent devotion to the cause 
of a true woman's education. 

Our workshops and our factories will of course greet you every- 
where. Here you may find being absorbed the minerals of the 
earth in such huge proportions as to suggest mechanical indiges- 
tion, or possibly, what is still worse, the exhaustion of the raw ma- 
terial. And here, too, you will find that science stands side by 
side with labor ; from her halls of education the student of science 
is transferred to the workshop and factory and the forge, we hav- 
ing recognized the fact that for the greatest progress and the high- 
est development of labor science must be its light and guide. 

Need you be told, then, that we shall watch your deliberations 
with interest and with hope ? For we look upon you as toilers in 
a field the harvest of which is altogether indispensable to the day 
and the age. What science has done in the past we can all con- 
template. The fruits of its great victory lie spread around every- 
where. We see how by its application to the lands the earth is 
made to increase its fruits and give forth more abundantly to the 
sustenance of man. It guides the hand of sturdy labor to level 
the mountain and fill up the valley, and place within the grasp of 
its iron link a continent bounded by oceans. It discloses and 
utilizes earth's hidden wealth ; maps out the heavens, and reveals 
the secrets of other worlds. Its fiery breath drives to and fro 
across the seas stately ships laden with humanity, — freighted with 
the fruits of liberty, progress, and civilization, — while it converts 
the dark and forever hidden recesses of the ocean into a highway 
over which travels the electric messenger, announcing to the world 
the conflict of Empires and the tottering of thrones, or whispering 
in the eager ear words of tender remembrance, hope, and assur- 
ance. 

Science does all these things; it gathers the sunbeams and 
weaves them into pictures of life and beauty; when tyranny 
covets conquest science is called upon to devise implements of 
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power, and when liberty is invaded, or threatened, we turn to the 
aim of science as onr protection and defence. 

While, gentlemen, you will continue to thrust upon an aston- 
ished world the dazzling achievements of your labors, it is to the 
utilization of science, if I may be permitted the expression, that I 
look for the greatest good — its application to the practical. Con- 
stantly science is becoming more and more interwoven with labor, 
and recognized as more and more indispensable to the guidance of 
the strong arm and the skilful hand. 

It may be, gentlemen, that some of you may, at times, feel that 
the paths you have chosen are not the shoitest and the most direct 
to worldly wealth and power, but remember that performing your 
duties faithfully you will have the consolation of believing that 
the world, after you shall have left it, will be better for your hav- 
ing lived in it. 

We bid you Godspeed in your career, and would fain offer you 
words of encouragement and hope. And now let me discharge 
the agreeable duty devolving upon me, perhaps too long deferred, 
and introduce you, gentlemen of the American Association for the 
Advancement of Science, to the citizens of Troy through our 
esteemed and justly honored Mayor. Into his hands I therefore 
place your interests and your presence during your visit. 

Mayor Gilbert then welcomed the Association in these words : — 

Mb. President and Gentlemen of the Association fob thb 
Advancement of Science : — 

Coming among us, as you do, from every part of the country — 
men of education, men of culture and of science, men who mould 
and shape the thoughts of their fellow men, men whose deep re- 
search into the hidden things of nature brings light out of dark- 
ness and order out of chaos, — we hail your coming with pride 
and with pleasure. And on this occasion it becomes my agreeable 
duty, in behalf of my fellow citizens, to present to you their most 
cordial and hearty welcome, and to express the hope that your 
meeting here may do much to promote the objects of your Asso- 
ciation. 

Although a small city, and few in numbers compared with many 
cities where you have assembled, we are not without the hope that 
beside the social intercourse and the pleasant reunion of men in 
the same purauits, all having the same great object — the advance- 
ment of science — you may find among us much to interest and to 
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aid in the furtherance of these pursuits, and to render your stay 
with us both profitable and pleasurable. 

In accordance with enactments of the State Legislature, our 
children are well provided with the advantages of common schools 
from the primary departments through the several gradations to 
the High School, in which the pupils are prepared for a collegiate 
course or the more active business of life. The Troy Female 
Seminary, not unknown throughout the United States, was estab- 
lished in Troy almost contemporaneously with its existence as a 
city. In this (the Willard Seminary) thousands of young ladies 
have received an education in the higher branches of science, and 
graduated with much honor to themselves as well as to this noble 
institution, and have gone forth, many of them, to establish other 
schools, and to impart to others in all parts of the country the in- 
struction here received. Our Polytechnic School I scarcely need 
mention, as most of yon, gentlemen, are familiar with its character, 
its objects, and the influence it has long exerted and is still exert- 
ing in the scientific world. The pioneer of its kind in this 
country, it has thus far without endowment held its position in 
the front rank of the scientific and practical schools in the United 
States. Many of you have doubtless availed yourselves of its 
advantages, and are in your professional life practical illustrations 
of the superior benefits conferred in its full course of study. Its 
session having just closed, its students are for the time absent, but 
its doors will be open to all, and all will be welcome to its halls, 
its laboratory, its cabinet, and whatever there may be of interest 
to the professor or student in the practical sciences. 

Men of science will be pleased to visit our iron and steel works, 
— works first in importance in our city, first in impoitance of 
their kind in the State, and holding only a secondary position of 
magnitude of their kind in the Union. At the former you may 
watch the progress from the crude ore to the refined bar, and by 
the aid of ingenious and complex machinery to the complete and 
finished horseshoe, the railroad spike and chair, as well as to the many 
other productions pertaining to this extended branch of business. 

At the Bessemer Steel Works you will also behold the rough 
pig of iron suddenly transformed to the ingot of steel, and thence 
to the finished rail, which is hereafter to form the main dependence 
for safety and permanence in the construction of our railways. 
In visiting these works I am sure you will be welcomed, and re- 
ceive the polite attention of the proprietors and agents. 

▲. ▲. A. S. VOL. XIX. 47 
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I will mention one other manufacturing establishment which I 
know in the minds of many is intimately associated with the name 
of Troy, — that of Messrs. Gurleys, makers of civil engineers' and 
surveyors' instruments, a business closely identified with the 
scientific progress and material development of our count r3% 
This establishment, founded in 1848, for many years the largest of 
its kind in the Union, has acquired a national reputation. The 
members of the Association interested in this department of 
science will find instruction and pleasure in a visit to these 
works. 

There are many other, manufacturing establishments of note in 
our city. In fact, we are a manufacturing community ; and for the 
continuance of these and their further development we rely much 
for the prosperity of Troy. At the head of tide-water, and the 
outlet of the Erie and Champlain canals, our commerce is an im- 
portant element in our growth and success. And not the least of 
the advantages of our position is the concentration of railroads in 
our city, connecting us directly with all the railroad interests. 
North and West, as well as in the middle and Southern portions 
of the State. 

Again I say to you, gentlemen, we are pleased to receive you, 
and repeat to you our cordial welcome. 

President T. Sterry Hunt responded, and in the name of the 
American Association for the Advancement of Science he begged 
to return the cordial thanks of the members for the invitation to 
come here, and for the cordial reception they had received from the 
citizens of Troy. He then recounted briefly the history of the 
Association. It was organized in 1840, and was first devoted to 
the advancement of the study of geology and natural history. In 
1848 it was recast upon a broader basis, the mathematical and 
physical sciences were comprehended in its objects, and its present 
name given to it. During the four y^ars of the rebellion its ses- 
sions were interrupted. In 1866 it was re-organized at Buffjilo, and • 
a yearly meeting was resolved upon in place of the semi-annual 
sessions formerly held. When we look back upon the past we 
regret that so many of the fathers of the Association are not with 
us to-day. Silliman, Hare, two of the brothers Rogers, Bache, 
Hitchcock, and Emmons are no more. Sickness holds others in 
its bonds. Professors Dana, W. B. Rogers, and Agassiz are unabl e 
to be with us on account of delicate health, but there are young 
men here to-day who will doubtless represent, not without honor. 
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the sciences to which the latter has devoted his life. Professor 
Joseph Henry is in Europe, where he is receiving a warm welcome 
from the scientists of Berlin, Vienna, and other capitals. 

It must be clearly understood that the Association is not a close 
society, designed only for the select few. It is highly democratic, 
it wishes to enroll all who take an interest in science, and assures 
them of a kindly welcome. We hope to add to our numbers 
largely from the students and amateurs of science in Troy. This 
is the fourth place where we have met in New York State — New 
York City, Albany, Buffalo, and to-day Troy — and it is proper 
the great Empire State should thus be considered by the represen- 
tatives of American science. It was among the first of the States 
of our Union to organize a complete system of geological and 
natural history surveys of its territory, and it is, therefore, classic 
ground for the student of these sciences. To Troy we look with 
interest for the success of our meeting on account of the Rensse- 
laer Polytechnic School, the pioneer scientific school in America, 
which, having seen half a century of prosperity, is now more 
active than ever, with its corps of young, able, and enthusiastic 
professors. This institution was founded by one who was the 
father of American geology, Professor Amo^ Eaton. I see two 
of its most distinguished graduates here to-day. Professor James 
Hall and Mr. E. N. Horsford. To the chemist and metallurgist 
the extensive iron works here offer a field for investigation such as 
few other places present. Here applications of science are em- 
ployed in the conversion of the ore, until the manufacture of iron 
is no longer one of crude empiricism. We have here, Jilso, the Bes- 
semer Steel Works, in which may be seen processes that present 
great attractions to the chemist and physicist. Their importance is 
not limited to the production of steel, but, when studied by the aid 
of the spectroscope, Mr. Griswold's converters throw new light upon 
the chemical and physical constitution of the sun and the farthest 
nebulae. I mention these things to show that the American Asso- 
ciation for the Advancement of Science does not overlook the 
practical affairs of life. 

At the close of the President's address the Association proceeded 
to business. Six additional members of the Standing Committee 
were elected by ballot, according to the requirement of Rule 4 of 
the Constitution. The names of those chosen are printed else- 
where with the names of the other membera of that committee. 

Later in the session the Association voted to hold its next 
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meeting at Indianapolis, Indiana, beginning on Wednesday, Au- 
gust 16, 1871. The officers elected for the next meeting are : — 

Prof. Asa Gray, of Cambridge, President ; Prof. Georgb F. 
Barker, of New Haven, Vice-President; F. W. Putnam, !Esq^ of 
New Haven, General Secretary ; W. S. Vaux, Esq., of Philadel- 
phia, Treasurer. Prof. Joseph Lovering, of Cambridge, was 
elected at Salem Permanent Secretary for another term of two 
years, commencing with the Troy Meeting. 

On Thursday evening, August 18, the address of Col. J. W. Fos- 
ter, the retiring President, was given in the First Presbyterian 
Church. General sessions were also held at other times, when 
papers of interest to all the members of the Association, as well 
as to the public, were read. 

On Friday afternoon, the members of the Association and their 
ladies, accompanied by many ladies and gentlemen of Troy, by in- 
vitation of the Albany Institute, took the steamer provided for 
them, near the foot of Broadway, and proceeded to Albany. 
There they visited the Dudley Astronomical Observatory, and en- 
joyed the hospitality of its trustees. Afterwards, they had an 
opportunity to examine the rich and various collections in the 
State Museum of Natural History. At half-past seven they as- 
sembled in the State Library, where they were received by the 
officers and members of the Albany Institute, and other citizens of 
Albany. After an elegant entertainment and some informal ad- 
dresses they returned to Troy, by steamer, at 10 o'clock, under 
the bright light of an aurora. Monday was mostly devoted to an 
excursion, by special train, to Saratoga, where, after some hours 
spent in scientific explorations or social enjoyment^ according to 
the individual tastes of the members, all dined together in Con- 
gress Hall. The Mayor and other prominent citizens of Troy, and 
their ladies, as also the members of the Local Committee and their 
families, contributed largely by their presence to the pleasures of 
an occasion for which the citizens of Troy had made such generous 
provision. 

On Thursday evening the members of the Association, and the 
ladies who accompanied them, were entertained at the residence 
of Mayor Gilbert ; and on Monday evening they were present at a 
reception given by J. M. Francis, Esq. Individually, many mem- 
bers in attendance on this meeting were the recipients of much 
kindness and hospitality from citizens and societies of Troy, for 
which they will always retain a grateful remembrance. 
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The proprietors of the Bessemer Steel Works, the Burden Iron 
Works, the Albany Iron Works, and the Rensselaer Iron Works 
opened their doors to the members of the Association, and gave 
them ample opportunity for witnessing all their interesting pro- 
cesses of manufacture. Gen. P. V. Wagner, commanding the 
United States Arsenal at Watervliet, the largest arsenal in the 
country, invited the members of the Association to visit the 
grounds and buildings of this establishment, and gave them his 
personal attention whenever it was practicable. Many other places 
of interest in the neighborhood of Troy were visited by detached 
parties, such as the Rensselaer Polytechnic Institute of Troy, and 
the Harmony Mills of Cohoes. The vicinity of these mills is 
interesting as including the beautiful falls of the Mohawk, and as 
having once entombed the remains of the great mastodon, now in 
the Museum at Albany. 



RESOLUTIONS ADOPTED. 

JResohedt That a committee of three be appointed to memorial- 
ize Congress on the importance of establishing an observatory, 
and maintaining a scientific corps, for a year or more, at one of 
the highest points on the Pacific Railroad, and particularly at the 
Eastern Rim of the Utah Basin. 

Resolved^ To accept the invitation firom San Francisco for the 
meeting of 1872, provided the necessary arrangements can be 
made ; and that a committee be chosen to arrange for such a 
meeting, and report at the next meeting in Indianapolis. 

Hesolved^ That the printed volume of Proceedings be sent, im- 
mediately on publication, free of postage, to each member who has 
paid the assessment of three dollars for the meeting to which the 
volume relates. 
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VOTES OF THANKS. 

Resolved^ That the thanks of the Association be returned to 
the Mayor and Common Council of the city of Troy for their 
kind liberality in granting the use of the Court Room and adjoin- 
ing apartments for the sessions of the Association. 

Mesolved^ That the thanks of the Association be presented to 
the citizens of Troy for their liberality and courtesy in arranging 
the delightful excursion of Monday last to Saratoga Springs, and 
for the generous provision made for the entertainment, enjoyment^ 
and comfort of the members on that occasion. 

Mesolved^ That the thanks of this Association be hereby pre- 
sented to the pastor, officers, and congregation of the First Pres- 
byterian Church of this city, for the generous use of their house 
of worehip, in which our meeting was held to hear the address of 
our last President. 

Resolved^ That the thanks of this Association are due to the 
managers of the Burden Iron Works and the Bessemer Steel 
Works, of this place, for their courtesy in permitting us fully to 
inspect the processes therein carried on, — processes among the 
most novel and interesting in the metallurgy of iron. 

Resolved^ That this Association hereby expresses its thanks to 
Mr. John H. Willard, of the Troy Female Seminary, for the excel- 
lent accommodation he has afforded its sections in his commodious 
building ; and to him, as well as to Mrs. Willard, for the hospi- 
tality and courtesy which they have so uniformly extended to its 
members. 

Resolved, That the thanks of the Association be given to the 
membera of the Troy Club for the use of their convenient and 
beautiful rooms, so liberally offered, and so richly enjoyed. 

Resolved, That the thanks of the Association are eminently due 
to the Trustees and Faculty of the Rensselaer Polytechnic Insti- 
tute for the efforts they have made in promoting the interest of 
the Association, and contributing to the pleasure and convenience 
of its members at this meeting ; and that their respectful thanks 
are likewise tendered to the Young Men's Association for the use 
of their Reading Room and Library. 

Resolved, That the cordial thanks of this Association are due to 
the members of the Albany Institute for their kind reception and 
generous entertainment, and for the opportunity to visit the Dudley 
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Observatory, the State Museum, the State Library, and the private 
collections of Professor James Hall. 

Hesolvedf That the Association tenders its sincere thanks to the 
members of the Local Committee, and especially to the Chaiiman, 
Hon. John A.6riswold, and to the Secretaries, Messrs. H. B. Nason 
and Benjamin H. Hall, for the foresight and good judgment with 
which their arrangements for the present meeting were effected, 
and for their unremitting attentions and efficient services in behalf 
of the Association during the progress of the meeting. 

Itesolved^ That the thanks of this Association be given to the 
reporters of the press for their attention to our proceedings, and 
for the accurate account which they have given to the community. 

Jiesolved^ That the thanks of the Association be voted to Presi- 
dent Hunt and to Secretary Putnam, for the able and gentlemanly * 
manner in which they have conducted the business of the nine- 
teenth meeting. 

Jiesolvedj That the thanks of the American Association for the 
Advancement of Science be returned to the following Railroad 
Companies, for their courteous and valuable contribution to the 
interests of the Association in the matter of free return tickets or 
reduced rates to its members : — 

Rensselaer and Saratoga. Nashville and Chattanooga, and Nash- 
Boston and Albany. yille and North Western. 

Boston and Providence. Louisville and Nashville. 

Richmond and Petersburg. Fitchburg. 

Richmond, Fredericksburg, and Potomac. Erie. 

Cincinnati and Indianapolis Junction. Troy and Boston. 

Philadelphia and Reading. Champlain Transportation Co. 

Louisville and Nashville, and Memphis Wilmington, Columbia, and Augusta. 

and Louisville Railroad line. New Bedford and Taunton. 

Great Western of Canada. Utica and Black River. 

New York and Oswego Midland. New Jersey Southern. 
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REPORT OF THE PERMANENT SECRETARY. 

The following report comprises the business which has been 
done for the Association during the interval between the first day 
of the Salem Meeting (August 18, 1869), and the first day of the 
Troy Meeting (August 17, 1870). 

An unusually large number of copies of the Chicago volume of 
Proceedings have been distributed to members. The list of 
Foreign Academies to which the Proceedings are sent is increased 
every year. The Salem volume was ready for distribution on the 
first day of the present month. The delay proceeds partly from 
the necessity of sending proof-sheets over the whole country, some 
of which may not find the authors at home ; and partly, from the 
neglect of authors to furnish a copy of their papers, at an early 
date, for publication. Many valuable papers are not sent at all, 
and some arrive too late even for the requirements of the slowly 
printed volume. 

The financial condition of the Association is as follows : — 

Between August 18, 1869, and August 17, 1870, the income of 
the Association was twenty-two hundred and seventy-eight dol- 
lars ($2,278). 

Of this amount seventy-five dollars and fifty cents ($75.50) ac- 
crued from the sale of the printed Proceedings, and the remainder 
from the admission fees and the annual assessments. 

The expenses of the Association, during the same interval, 
amounted to seventeen hundred and sixty-one dollars and seven 
cents ($1,761.07), which may be apportioned thus: — 

Cost of paper, printing, and binding for the volume of Salem 

Proceedings, and expense of its distribution $1,192.10 

Charges connected with the Salem Meeting 20.00 

Salary of the Permanent Secretary (five hundred dollars) . . 500.00 

For circulars, postage, stationery, express, etc 48.97 

The particular items may be found in the cash account of the 
Secretary, which is herewith submitted as a part of his report. 
The balance in the Treasury of the Association, August 17, 1870, is 
seventeen hundied and forty-two dollars and two cents (1,742.02). 

Joseph Lovering, 

Tbot, August 17, 1870, Permanent Secretary, 
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List of Eubopean Institutiohb to which Copies of Yoluhb Xviii. of 

THB PROCEEDIirOS OF THB AmEBIOAN ASSOCIATION WEBB DISTBIBUTBD 
BT THE FeBMANENT SeCBETABT IN 1870. 

StockMm, — Kongliga Svenska Yetenskaps Akademien. 
Copenhagen^ — Kongel. danske Yidensk. Selskab. 
Moscow^ — Soci6t6 Imp6riale des Naturalistes. 
St Petersburg^ — Acad6mie Imp6riale des Sciences. 

Kab. Russ. Mineralogisclie Gesellschaft. 
Observatoire Physique Centrale de Russie.* 
PuUcowcL^ — Observatoire Imperiale. 
Amaterdanii — Academic Royale des Sciences. 

Grenootscbap Natara Artis Mantra. 
Zoological Garden. 
JSaarleni^ — Hollandscbe Maatscbappij der Wettenscbappen. 
Leyden^ — Mus6e d'Histoire Naturelle. 

„ The University Library.f 
Utrecht^ — Institut Royal M6t6orologiqae des Pays-Bas.t 
Altenburg^ — Naturforscbende Gesellscbaft. 
Berlin^ — K. P. Akademie der Wissenscbaften. 

„ Gesellscbaft ftlr Erdkunde. 

Bonn^ — Naturbist. Yerein der Prenssiscb. Rbeinlandes, &c. 
Brealau^ — K. L. C. Akademie der Naturforscber. 
BrUnn^ — Natarforscbenden Yereins. 

Dresden^ — K. L. C. Deutscbe Akademie der Naturforscber. t 
Franckfurtf — Senckenbergiscbe Naturforscbende Gesellscbaft. 
Freiburg^ — KSnigUcb-Sacbsiscbe Bergakademie. 
GdUingeriy — Konigl. Gesellscbaft der Wissenscbaften. 
Hamburg^ — Naturwissenscbaftlicber Yerein. § 
EdnnoveTy — Die Naturbistoriscbe Gesellscbaft. 
Konigsberg^ — K5niglicbe-Pbysikalisb Okonomiscben Gtesellscbaft. 
XeipaiCj — K5niglicb-Sacbsiscbe Gesellscbaft der Wissenscbaften. 
Munich^ — K. B. Akademie der Wissenscbaften. 
Pragj — K. Bobm. Gesellscbaft der Wissenscbaften. 
StuUgarty — Yerein ftlr Yaterlandiscbe Naturkunde. 
/iennoy — K. Akademie der Wissenscbaften. 
„ K. K. Geograpbiscben Gesellscbaft. 

Geologiscben Reicbsanstalt. 
Osterreicbiscbe Gesellscbaft ftlr Meteorologie. 






* Also, Volumes vi., vii. and yiii. t Also, Volume XTii. 

I Also, Volumes ziii. and ziv. § Also, Volumes xii. and ziii. 
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VienvuZy — K. K. Zoologisch-Botanische Gresellschaft. ' 

„ Verein zur Verbreitung Naturwissensch. Kentnisse. ' 

WUrttemburg, — Der Verein fUr Vaterlandische Nuturkunde. 
^asel, — Naturforschende Gesellschaft. 
JBerrij — Allgemeine Schweizerische Gesellschaft. 

„ Naturforschende Gresellschaft. 

Gen^ve^ — Soci6t6 de Physique et d'Histoire Naturelle. 
Lausarvn^ — Soci6t6 Vaudoise des Sciences Naturelles.* 
NeucJuUel^ — Soci6t6 des Sciences Naturelles. 
Zurich^ — Naturforschende Gesellschaft.* 
JSruxeUes, — Academic Royale des Sciences, &c. 
Idege^ — Soci6t4 Royale des Sciences. 
Cherbourg^ — Soci6t^ Acad6mique. 
Dijon^ — Academic des Sciences, &c. 

ZfiHej — Soci6t6 Nat. des Sciences, de I'Agriculture, et des Arts. 
MontpeUier^ — Academic des Sciences et Lettres. 
JParis, — Institut de France. 
„ Soci6t6 Philomatique. 

„ Society Met^orologique de France. 

Turin^ — Accademia Reale delle Scienzie. 
jRome^ — Osservatorio Astronomico del Collegio Romano.* 
Madrid^ — Real Academia de Ciencias. 
Cambridge, — Cambridge Philosophical Society. 
DubltTiy — Royal Irish Academy. 
Edinburgli, — Royal Society. 

Zfiverpoolj — The Literary and Philosophical Society. 
London, — Board of Admiralty. 

„ East India Company. 

„ Museum of Practical Geology. 

„ Royal Society. 

„ Royal Astronomical Society. 

„ Royal Geographical Society. 

„ Royal Institution of Great Britain.* 

Mancheeier, — Literary and Philosophical Society. 
Newcdstle-upon- Tyne, — The Tyneside Naturalist's Field-Club. 

„ Nat. Hist. Soc. of Northumberland, Durham, Ac. * 

Oxford, — Radcliffe Observatory.* 
JSatavia, — SocietiS des Arts et des Sciences. ♦ 

* Also, Volume XTii. 
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REPORTS. 

President F. A. P. Barnard, from the Committee on Weights and 
Measures, made a verbal report, and requested that the conmiittee 
be continued until the next meeting of the Association, and the 
recommendation was voted by the Association. 



Report oir the Micboscofes and Miobosgopical Apparatus exhibited 

AT THE MeETIKO OF THE AMERICAN ASSOCIATION FOB THE AdYANCE- 

MEKT OF Science, at Tboy, N. Y., August, 1870. 

In accordance with the custom initiated at the Salem meeting 
last year, the local conmiittee for the Troy meeting provided suita^ 
ble rooms for the preservation and use of instruments sent or 
brought by members and others for the use of the sub-section, and 
notified members of the arrangement by a special notice appended 
to the second circular. 

An abundance of apparatus was furnished by members to illus- 
trate their discussions, and for the general work of the sub-section. 
First class stands, mostly binocular, and full sets of accessories 
were furnished by President F. A. P. Barnard, Dr. R. H. Ward, 
Mr. E. Bicknell, Prof. H. B. Nason, and others. Very low-power 
objectives, three to five inch, were deservedly popular. The use of 
immersion objectives for all high powers seemed to be assumed by 
all members as a settled question. Few members, on the other 
hand, fell into the present fashion of high-power objectives, — pre- 
ferring to use lenses of one-fifteenth or one-sixteenth inch, and 
downward, and gain greater amplification by other means than by 
reducing the nominal focus of the objective. The following novel- 
ties require particular mention : — 

President F. A. P. Barnard, of Columbia College, New York, 
demonstrated a newly contrived binocular microscope, a full 
description of which is published elsewhere, in which the light is 
separated into two pencils by double refraction, and which cannot 
fail to be a valuable addition to the resources of working micro- 
scopists. 

Dr. Josiah Curtis, of Boston, exhibited a micro-telescope, or mi- 
croscope and telescope combined, made to his order by Tolles. It 
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is an ordinary Cutter's clinical microscope, fitted with an extra 
tube carrying an object-glass of one inch linear aperture and six 
inches focus, to which object-glass the compound microscope acts 
as an erecting eye-piece. Furnished with a proper support, this 
makes an admirable pocket telescope, defining well at po^vtrers of 
forty or fifty diameters. 

Dr. R. H. Ward, of Troy, N. T., exhibited a variety of illumi- 
nating apparatus, in which a horizontal slit was substituted for the 
circular diaphragm openings ordinarily used. By this means an 
illuminating pencil is obtained, which is wide horizontally and nar- 
row vertically to any extent that may be desired. The contrivance 
is specially designed for use with Wenham's binocular, but may be 
used to advantage on other stereoscopic microscopes. It was 
shown as applied to microscopes without accessories, to the spotted 
lens used for transparent illumination of both fields under medium 
powers, to objectives used as illuminators, and to the elaborate 
achromatic condensers of Ross, Powell, and Leland, Ac But it 
was most readily applied to an eye-piece used as condenser, or to 
the Webster condenser and similar combinations. A horizontal 
slit of adjustable width was obtained by a pair of shutters, or by a 
wedge-shaped opening gradually passed under the condenser, the 
length of the slit being controlled by CoUins's graduating diaphragm, 
or by Brown's iris diaphragm, or Zentmayer's graduating dia- 
phragm. By these means transparent objects were shown in Wen- 
ham's binocular instrument, under lenses of as high power as one- 
eight inch, and of angular aperture as high as 130% with both 
fields fully, softly, and evenly lighted, and free from unpleasant 
glare of light or distortion of image. A one-fourth of 75° or a 
four-tenths of 120° can be as easily worked, stereoscopically, in this 
way, as a one-inch of 25°. Thus the stereoscopic microscope may 
be almost as readily used in the study of the tissues of animals 
and the coarser diatomes as in the general structure of plants, the 
organs of insects, or the larger protozoa. 

Dr. Ward also exhibited .a variety of class-microscopes, both 
simple and compound, for the ready demonstration of structure to 
the class in teaching botany, zoology, &c. 

Mr. Tolles had mounted a two and one-half inch lens with the 
society screw on each side of the shoulder, so that it can either be 
screwed on in the usual position or reversed so as to give, by ap- 
proaching the eye-piece, about the power of a four-inch lens at the 
usual distance. Microscopists have been accustomed to gain a 
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lower power than could be focnssed by their rack by screwing a 
low objective into the draw-tube, and focussing upon the object 
through the empty nose-piece. The new plan of a reversible 
mounting is more convenient, and is applicable to instruments that 
have no draw-tube. Unfortunately, it cannot be used with the 
ordinary binoculars. 

Mr. ToUes has also arranged a four-inch objective, in which a 
short working focus is obtained by a reducing lens in the rear. 
This reducing lens, for convenience, is mounted in a sliding tube 
and gives, when pushed in, a fair three-inch power. As a four-inch 
the combination is extremely good. 

Mr. E. Bicknell, of the Museum of Comparative Zodlogy, Cam- 
bridge, Mass., applies this expedient to ordinary objectives, placing 
in the draw-tube, instead of the concave amplifier sometimes used, 
an achromatic convex lens as a reducer, with which an extremely 
low power can be obtained with good definition, flat field, and 
working focus not inconveniently long. A four and a half or five- 
inch lens (solar focus) may be used. A low objective of two 
combinations may be divided, using one part as an objective, and 
placing the other in the draw-tube. 

Dr. Ward* had contrived a clinical compressor for use with the 
microscope of the same name. It is simple, and therefore inex- 
pensive, and can be used with great facility, both for clinical and 
class use, and for much of the ordinary work of the microscopist. 
It is not applicable to very fine work, nor to very high powers 
The two brass plates which hold the thin glass circles separate en- 
tirely for arranging the object or cleaning the glass. The upper 
plate fits into a notch filed in a ledge at the left of the lower, the 
centering of the two plates being secured by a pin through the 
lower, and a notch in the upper. The screw which attaches them 
at the right is permanently fastened in the upper plate by a groove 
and a pin. 

Dr. Maddox's photographs of the Podura scale were exhibited 
by Dr. Barnard. In these photographs the traditional note of ex- 
clamation or goose-quill markings are marked with partial inter- 
ruptions or transverse lines, suggestive perhaps of the alleged 
beaded structure. 

In the same connection Dr. Barnard exhibited the opake illu- 
minator, suggested by himself for use with high powers. This is 
an internal Lieberkuhn situated, like ToUes's prism, behind the 
front combination of the objective. It works exceedingly well with 
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medium powers, but camiot be introduced for want of room into 
very high powers. It gives more light than ToUes's prism, and 
illuminates from any part or all parts of the circumference at will ; 
on the other hand it is less easily applied, requiring the front lens 
to be mounted in glass instead of brass, and it is inapplicable to 
large opake objects. It would seem to be most readily applied, to 
single front combinations. 

Mr. Bicknell exhibited some brackish and fresh-water diatomes, 
recently thrown up by the sea at Marblehead, Mass. These are 
believed to be the first fresh-water or brackish deposits known to 
exist under the present ocean, and to indicate recent encroach- 
ments of the ocean upon the shore line in that vicinity. 

Robert's nineteen-band test-plate, and Dr. Woodward's late pho- 
tographs of the same were exhibited by Dr. Ward. 

Mr. E. B. Benjamin, of New York, exhibited a microscope by 
Gundlach of Berlin. This was a small and cheap instrument, 
according to the English and American standard, but really 
admirable for its neatness of design and finish, and its general 
excellence of performance. 

Beck's popular microscopes (binocular) were exhibited by Mr. 
C. E. Hanaman, of Troy, N. Y., and others. They have already 
earned their name in this country. 

Mr. Chas. Stodder, of the Boston Optical Works, exhibited 
Cutter's clinical microscopes and Tolles's students' microscopes, of 
various degrees of completeness and cost. These, when furnished 
with suitable lenses, are thoroughly good and useful instruments. 

Blankley's neat and convenient tank microscope, made by 
Swift of London, was exhibited by Dr. Ward. 

The cheapest really useful instruments exhibited were Miller's 
students' microscope, exhibited by F. Miller, of Miller & Bros., 
New York (who also exhibited first class accessories and choice 
objects) ; and Crouch's educational microscope, exhibited by Dr. 
Ward. These two instruments possess the rare advantage of a 
body of ample size, the latter one admitting the use of the same 
eye-pieces as the first class stands. 

R H. Wakd, 

Secretary of Subsection of Microscopy. 

Committee to report in relation to Uniform Standards in the 
Power of Objectives, Eye-Pieces, &c. : F. A. P. Barnard, E. Bick- 
nell, R. H. Ward, C. E. Pickering, O. N. Rood, Josiah Curtis. 
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